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WATER RESOURCES BOARD 



WATER SUPPLIES IN SOUTH EAST ENGLAND 



Introduction 



l„l East: Study estimated that daring the period 1961-1981 the 

million P 1 IT a* S i“ th EaSt En S land was likely to increase by another 3J i 
suggest ' Y P r °“ ss ° £ »>taral growth. Present information 

which 2 ? gr0 " th w bet ' e “ 196* “6 1981 will be about 2.9 million of 

lend 2 ' 2 1 “T 14 be the aatura£ increase of the resident population. 

rdL"T t ' 11 "? t the Sa, " e Peri ° d 15 PUt “ 1 IHi”. increase of 

is order, together with a rising consumption per head of population, make it 

that r noiul ‘ att ° nt "° n be * ITen to tbe Problems associated with providing 
East Studv th 0 “ Wlth ade 9“ ate water suppli es , and as foreshadowed in the South 
hast Study those problems were among the first to which we turned our 
attention. 



Following publication of the South East Study, the Ministry of Housing 
and Local Government co mmi ’"'’""- J - - «• * . • 



D . . , ioned a firm of consulting engineers, 

Messrs . Binme and Partners, 'to study and report upon the exploitable 
reserves of water in the Great Ouse basin with a vie. to the preparation of a 
comprehensive programme of co-ordinated development of the ground and surface 

ve considered the consultants’ report, 
our examination of the position in South 



water reserves of the basin’. We h 
and it has been most useful to us in 
East England. 



3. It is obvious however, that South East England must be considered as a 
whole and we therefore resolved to seek a comprehensive report on the 
water resources of the whole area up to the year 2001 as a base on which to 
settle policy. To make such a report we obtained the help of the ten river 
authorities in South East England and the corresponding area committees of 
the British Waterworks Association. They readily agreed to our suggestion 
that their engineers should serve on a Technical Committee charged with making 
the overall survey we had in mind. The Committee have now made a report to 

. us and a copy is attached hereto. We are glad to acknowledge our indebted- 

ness to the members of the Committee for producing in just over twelve months 
such a wide ranging report on a subject of great complexity. We emphasise 
however, that the report is in no way binding either upon them personally or 
upon their respective authorities and area committees. 

4 ' I* 1 ' rl ” r authorities have the responsibility under section 14 of the 

Water Resources Act 1963 for preparing surveys of the resources of their 
areas and plans to meet future demands for water. Heavily engaged as they 
have been with the task of licensing existing abstractions the river authori- 
ties have not yet been able to carry out these surveys. Meanwhile, we have a 
duty under section 12 of the Act to consider what action needs to be taken to 
safeguard water supplies and to advise the Minister and the river authorities. 
Ihe needs of the South East are too pressing to permit us to await the 
section 14 proposals of the river authorities, although this would have made 
our task much easier. Indeed, the river authorities will need some guidance 
from us before they can formulate their own proposals because the problems go 
beyond their separate areas. Some, for example, must know whether and if so 
how they can expect to get supplies from other areas and others, conversely. 



» The South East Study, H.M.S.O., 1964. 
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own areas. We hope that this report will provide the 
framework within which the river authorities can plan, 
consulting them about our recommendations. 



necessary 
We look 



regional 
forward to 



5. The report deals with demands and resources up to the year 2001 in the 

areas of the ten river authorities together with the London Excluded Area 
(hereinafter referred to as London). The whole area investigated is shown on 
the map accompanying this report, and it contains a population of about 19 
million using at the present time about 1,750 tn.g.d. (million gallons per day). 
In succeeding paragraphs we discuss the Committee's conclusions on the probable 
growth in demand for water in the area and on the resources which can be made 
available to meet it. 



Demands for water 



(a) Public water supply 

6. In Chapter 2 of their report the Committee describe the existing demands 
on and resources of the 131 statutory water undertakings responsible for 
the public water supply system of the area and explain how they have estimated 
future demands. They include allowances for the new and expanded towns 
contemplated by the Ministry of Housing and Local Government. We have 
examined these estimates with care and are satisfied that they provide a 
reasonable basis on which to plan. The prudent course, which has been adopted 
by the Committee, is to plan generously for the near future to avoid being 
caught short of water with no time to develop extra supplies; and conversely 
to envisage more modest rates of increase in the distant future so as to avoid 
commitment to heavy capital expenditure which may prove to be unnecessary, 
there being ample time to revise the programme of works if a regular review of 
the estimates so indicates. 



7. The Committee then examine the balance between demands and resources for 
statutory water undertakings. While an apparent balance for each under- 
taking can be obtained by subtracting resources from demands they point out 
that resources and demands cannot simply be totalled over a river authority 
area as a whole because of successive re-use of water. This facility is 
important, particularly in the Great Ouse and Thames areas. It does, however, 
give rise to pollution problems, and we refer to these in paragraphs 33 to 36 
below. After making an allowance for re-use (in the way described in para- 
graph 3.3 of their report) the Committee estimate the effective internal 
deficiency in each river authority area. The deficiencies are summarised in 
the following table: - 



■ Authority Area 



Wei 1 and and Nene 
Great Ouse 

East Suffolk A Norfolk 

Essex 

Lee 

Thames (inc. London) 



Kent 
Sussex 
Hampshi re 
Avon A Dorset 



Total s 



TABLE I 

PUBLIC WATER SUPPLY 



Authorised 

Resources 

m.g.d. 



62 

74 

103 



138 

66 

65 



Estimated Effective Deficiencies 
(to nearest 5 m.g.d. ) 


1971 


1981 


2001 


- 


30 


75 


15 


30 


65 


- 


10 


30 


30 


80 


150 


“ 


20 


85 


10 


55 


185 


5 


20 






10 






45 


115 


- 


5 


35 


75 


305 


860 
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(k) Direct industrial demand 



8 ' fetSIfilnrl"! by r j r " I a “‘ h ° ri “es under Part IV of the Water Resources 
water ecH™/ roride. reliable figures for present direct industrial use of 
f u turp ! J “V * to error - Nor is the forecasting of long term 

unable f 1 eaSy beoause ' "°t surprisingly, industrialists are generally 
ahead s' future requirements for more than 5 to 10 years 

make preci the CentraI Electricity Generating Board do not normally 

“S ' Vill oTZ r te l " t bey ° nd the ” eXt deCada - Nevertheless , we share 
indJtrLl use ” v We "” St aU ° W £ ° r SOne increase « direct 

, L ,T r 1 " ln additi ° n t0 that ° b b aiaad industry 
electricity do V ‘ T*" 8 la ” ind Probable growth in demand for 

ectncity we do not regard their estimates as excessive. For present 

TonZll’, t“ Ie ' " *” ad0Ptine thair eati “ ataa «. nbown in the 



TABLE II 



ESTIMATED INDUSTRIAL DEMAND 



River Authority Area 


Aver a 


e Daily Use - 


m.g.d. 




Additional net 
demand - m.g.d. 


Gross U 


se 1965 


Net Use i 


ncluding C 


E.G.B. 




1981 


2001 


Exclud ing 
C.E.G.B. 


C.E.G.B. 


1965 


1971 


1981 


2001 


1971 


Great Ouse 

East Suffolk and Norfolk 

Essex 

Lee 

(Thames 

(London Excluded Area 

Kent 
Sussex 
Hampshi re 
Avon and Dorset 


19 

35 

15 

38 

33 

50 

30 

80 

4 

8 

4 


80 

60 

20 

90 

120 


14 

12 

5 

19 

11 

5 

30 

60 

2 

5 

2 


17 

15 

7 

24 

14 

10 ( 3 ) 

30 

64 

2 

5 

2 


21 

36 (16) 
10 

31 , 

26 ( 8 ) 

30 ( 20) 
30 

70 

3 

6 

3 


35 

74 ( 44) 

15 

45 

35 ( 8 ) 

63 ( 48) 
30 

80 

4 

7 

4 


3. 

3 

2 

5 

3 

5 

4 


7 

24 
5 

12 

15 

25 

10 

1 

1 

1 


21 

62 

10 

26 

24 

58 

20 

2 

2 


Total Industrial Use 


^ 316 370 

686 


165 


190 ( 3 ) 


266 (44) 


392 (100) 






















(to 


nearest 


Total Additional Net Demand 
















n.g.d. ) 
















25 


100 


225 



NOTES: 



Figures in brackets indicat 
been included in tabulated 
be regarded as flexible. 



e demands by the Central Electrii 
figures; the allocation between 



■i ty Gem 
Thames , 



ing Board which have 
and Great Ouse must 



* Including Corby and District Water 



(Stewarts and Lloyds). 



Agricultural demand 



9. 



In Chapter 5 of their report the Committee examine in detail the probable 

that th”" i ln d ?T f ° r r ter f0r SPray irrigati °”- They take the view 
for It u " llkel T b° be any substantial increase in the demand for water 

or stock watering, washing, milk cooling and other general farm uses and that 

increa H 6aS M- aS WlU WiU be C0Tered b Y the allowances made for 

increased public water supplies. We accept that spray irrigation is likely 
to be the largest single factor in the agricultural demand. V 

10 ’ Ihatlhe” 1 I*" 1 f °I SPIay irrigation diff ' IS i”" many other uses in 
that the water is almost entirely lost to the source of supply by the 
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processes of evaporation and transpiration. This is not, of course, wasteful 
if it leads to increased production. The Committee examine the probable 
future demand in each of the ten river authority areas on the basis of low 
value crops, principally grassland and sugar beet, and high value crops, 
principally potatoes, other vegetables and orchard fruits. The assumption is 
made that in general the low value crops will make an effective demand only in 
so far as water is available for abstraction from inland waters during the 
irrigation season without conservation works but that the -high value demand 
will justify expenditure on conservation works, controlled ground-water 
abstraction and, where necessary, the import of water from other river 
authority areas. Their conclusions about effective peak seasonal demand are 
set out in the following table: - 



TABLE III 
SPRAY IRRIGATION 



ASSUMED EFFECTIVE PEAK SEASONAL DEMAND 







Mill ions 


of' Gal 1 ons 




River Authority Area 


(to nearest 100 m.g. 




(to nearest 
500 m.g. ) 




1965 


1971 


1981 


2001 


Welland and Nene 


600 


800 






Great Ouse 

East Suffolk and Norfolk 


4,300 

3,200 


6,300 

3.900 


8,400 


10,000 




1,700 


2,200 


2.800 




Thames 

Kent 


1,800 


500 

2,300 


800 

2,800 


1,000 


2,300 


3,000 


4, 200 






700 


1,000 


1,000 


1,000 


Hampshi re 
Avon and Dorset 


400 

1,500 


700 

1,800 


1.000 

1,900 


1,500 

2.000 


Total s 

(to nearest thousand m.g. ) 


17,000 


23,000 


29,000 


35,000 



The Committee expect most of this demand to be met by the development of local 
farm storage or the use of ground water and with the exception of the Essex 
and Lee areas do not contemplate that water will be imported to meet it. In 
a dry year the amounts needed to be imported into the Essex and Lee areas will 
be equivalent to averages over the year of 7 m.g.d. in 1971 and 11 m.g.d. in 
2001 and are marginal in relation to the totals for public water supply and 
industry shown in Table IV. 

11. We must emphasise that the Committee's estimates of future demands for 
agriculture are extrapolations from a very limited base period, and, 

subject as they are to unforeseeable economic and political influences, they 
must be regarded as speculative. Nevertheless, since we consider the’ 
Committee's approach is reasonable we accept their estimates for the purposes 
of this report. The figures will need to be reviewed frequently in the 
light of any new factors. 

(d ) Additional supplies required 

12. We consider, therefore, that, on the best estimates at present available, 
the effective future water deficiencies in the river authority areas of 

South East England are as follows 



4 
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TABLE IV 



FUTURE WATER DEFICIENCIES 



River Authority area 



Total deficiencies 
(to nearest 5 m.g.d.) 



Welland and Nene 
Great Ouse 

East Suffolk and Norfolk 

Essex 

Lee 

Thames (including London) 

Kent 

Sussex 

Hampshi re 

Avon and Dorset 



Totals - to nearest 100 m.g.d. 



1971 

m.g.d. 



100 



1981 

m.g.d. 



35 

55 

15 

90 

35 

80 

30 

10 

45 

10 



400 



2001 

m.g.d. 



95 

125 

40 

175 

110 

245 

105 

40 

115 



1,100 



the rtole Lea L reUti^'t 6 “S' U “* -only spread over 

Essex. Lee and Welland and Tat "° St " arked “ *>*« 

the resources which can be used to the defiLen^^.UhL yi' 0 t**" 116 



Resources to meet demands 



( a ) Existing sources of supply 



13. 



The Committee list in Atmenrliv T , . . 

PY , pe . . , . , sum 01 those resources, nearly 1.300 m.g d • 



(h) New sources of supply 






(i) suitable to meet immediate local needs; 

(ii) major schemes within a river authority area; 
(xii) regional schemes; and 



(iv) barr 



«rs; r i;: n t« future de r ds with these p ° ssihi ' »« •«».. of su PP i y iB 

of the ten rrver authorxty areas shows that while so.e river authoLties 



Printed image digitised by the University of Southampton Library Digitisation Unit 



hare potential resources adequate to meet demands until 2001, others will have 
to get help from outside their own area and get it quickly. 



( c) The deficiency zone 

15. It is clear that London and the Essex and Lee areas will not be able to 
meet their demands from internal resources. The Welland and Nene River 

Authority will also need outside resources to supply parts of their area. 

The Committee's survey of future demands and resources reveals that the main 
problem lies in a broad deficiency zone running in a broad sweep from north of 
Northampton south to the London basin and eastwards across Essex. This 
deficiency zone extends into the areas of the Welland and Nene, Great Ouse and 
Essex river authorities, of the Thames and Lee Conservancies and of parts of 
the East Suffolk and Norfolk and Kent river authorities. The Committee refer 
to these areas as the central area within which they estimate that the 
following deficiencies will arise:- 

1971: 85 m.g.d. 

1981: 270 m.g.d. 

2001: 650 m.g.d. 

These deficiencies are substantial parts of the totals for South East England 
set out in paragraph 12 above. 

(d) Self sufficient areas 

16. The remaining five river authorities should be able to meet their demands 
from resources in their own areas:- 

East Suffolk and Norfolk (excepting the Ipswich and South-East Suffolk 
areas) 

Kent (outside the limits of the Metropolitan Water Board) » 

Sussex 
Hampshire 
Avon & Dorset 

The Committee list in Chapter 7 and Appendix IV of their report schemes which 
appear to them to be appropriate. We recognize that some of the schemes 
are likely to be opposed, particularly those requiring surface reservoirs 
such as the Bewl Bridge scheme in Kent and the Cuckmere scheme in Sussex. We 

have considered whether this justifies importing water from outside these 
areas. Our present conclusion is that it would not. We agree with the 
Committee that these areas should rely upon their own resources for many years 
to come. Three reasons seem to us to be decisive. First, if short-term 
demands are to be met, there is no alternative to at least one reservoir in 
the Kent area: timing alone rules out importing water from elsewhere. Second, 

if storage is not to be provided in these areas, it may well have to be found 
elsewhere in South East England: such a shift of the burden does not appear 

to us to be the right answer. Third, the cost of importing the quantities of 
water .involved would be high because of the long and large aqueducts required. 
Nevertheless, the situation should be re-examined in the light of decisions 
which will need to be taken in the early 1970’s about the long term programme 
for the rest of the South East with a view to determining what contribution, 
if any, that programme can make towards meeting deficiencies in- these areas 

6 
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and, conversely, what demands it may have to make on these areas. We shall 
oi coarse, discuss the problems of these five areas with each of the river 
authorities concerned, since they will he responsible under section 14 of the 
Water Resources Act 1963 for formulating detailed proposals for action to 
augment water resources in their 



respective areas. 



The problem of the deficiency zone 

17. Supplying the deficiency zone is undoubtedly the main problem in South 

East England. This is beyond the resources of any one water undertaking 
or river authority. However, as the Committee’s report suggests, when the 
problem is tackled on a regional basis the region as a whole has the resources 
to meet most of its needs to the turn of the century. The Committee’s conclu- 
sion is that, given extensive re-use of water, the most economic and beneficial 
way of meeting the deficiencies is by a programme of controlled ground-water 
development and pumped storage reservoirs perhaps supplemented in the last 
decade of this century by transfer of water into the river Thames from the West 
or the South. 



Ilie various ways of increasing supplies 

18. The various ways of increasing supplies in the deficiency zone can be 

classified as follows:- 

(1) importing water from outside - in effect from the Severn and/or the 
Wye or from the South (Hampshire, Avon and Dorset) with the 
possibility of transfer from the Trent if the quality of the water in 
that river can be improved sufficiently; 

(2) estuarial barrages, particularly the Wash; 

(3) desalination; 

(4) artificial recharge of aquifers; 

(5) surface storage in reservoirs used either to regulate river flows or 
to augment supplies direct from storage; 

(6) exploitation of water in underground strata, mainly the chalk 
aquifers in the Thames and Great Ouse areas by direct abstraction to 
supply or by controlled pumping to augment river flows. 



Importing water from outside 

19. Theoretically the long term problem could be tackled on a national rather 
than a regional basis. All the necessary additional supplies could be 
brought into the Thames from the Severn and Wye rivers, or water could be 
brought to the South East from barrages across Morecambe Bay or the Solway 
Firth by a gigantic pipeline. Another proposal is the 'Grand Contour Canal’ 
to bring to the South East water from the North and West. In our view these 
are not practical alternatives, at least for present planning. The Grand 
Contour Canal is an imaginative but very expensive proposal. Moreover, it 
would not obviate storage since the water it would convey would need to'be 
conserved in reservoirs in the North and West. The canal itself would also 
require large areas of land involving considerable disturbance. A large scale 
transfer of water from the Severn or Wye into the river Thames would require 
very large storage in the form of either regulating reservoirs in the Welsh 
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mountains or pumped storage reservoirs in the Severn or Thames areas as well 
as engineering works to lift the water into the Thames area. Sites for all 

these works would have to be found and investigated. Several years at least 

would be needed to study the feasibility of bringing in water from barrages in 
the North West, while the cost of such water is likely to be very much greater 
than of that obtained by developing resources available within the region. We 
therefore accept and endorse the Committee's view that we should look first to 
the resources of the South East to meet demands there, leaving outside supplies 
for the future when their feasibility and cost can be weighed against any 
alternatives then available. We shall, however, make an early start on 

studying, in consultation with the river authorities concerned, the problems 
of supplementing the flow of the river Thames by the transfer of water from 
the West and South. 



Barrages 

20. The cumulative deficiency in the central area at the end of the century - 
650 m.g.d. - is comparable with the yield estimated for a barrage across 
the Wash. The Report on the Water Resources of the Great Ouse Basin 
(referred to in paragraph 2 above) suggested that this might provide about 
620 m.g.d. for a capital outlay of £287 millions at today's prices. A barrage 
scheme, however, could not be relied upon to be completed before the early 
1980 s and therefore cannot help to meet demands before then. Nevertheless, 
a feasibility study should be undertaken without delay, as the Committee 
recommend, so that the facts about obtaining water in this way may be available 
for comparative appraisal later with the prospects for bringing in water from 
the Severn or Wye or elsewhere. 



Desalination 

21. The Committee regard desalination as unlikely to play any important part 
in meeting demands, certainly until 1981, mainly on grounds of cost. 

They acknowledge, however, that developments in technique or changes in fuel 
cost may alter the picture so that the position will need to be kept under 
constant review. 

22. The present position is that multi-stage flash distillation is the most 
promising method of desalination for the production of water in large 

quantities. While design studies for much larger units have been made, the 
largest operating unit of this type in the world has, however, a capacity of 
only 1.4 m.g.d. and the cost of water so produced, using an independent source 
of steam, is two to three times the cost of water obtainable in other ways in 
the South East. In consultation with the Atomic Energy Authority and the 
Central Electricity Generating Board we are closely watching the work now 
being done both in Britain and in the O.S.A. to design larger plants capable 
ol producing water in this country at much more competitive costs. One of 
the most encouraging developments in this respect is a design study for a 
combined advanced gas-cooled reactor nuclear power station and distillation 
plant to produce 400 M.W. of electricity and 60 m.g.d. of water. 

23. We are informed, however, that such a specially designed nuclear power 
station could not be in operation before the mid 1970's. For the 

immediate future therefore, desalination is unlikely to play a significant 
part in meeting demands. In addition, we need to learn a good deal more 
about the practical problems associated with the introduction of large quan- 
tities of desalted water into the public water supply system of this country, 
lo do this we need operational experience of a large scale plant and we are 
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currently exploring with the Government 
ior an experimental plant in South East 
a part in the last two decades of this 



Departments 

England. 

century. 



concerned the prospects 
Desalination may yet play 



Artificial recharge of aquifers 

24 ' LieT! 8011 / SCheme desi S^d specifically for artificial recharge of 

p«\ r mi^ 

geological conditions to » . f f reqUlred t0 d efin e the hydro- 

to consider the cost suitable fences “of fa" ' S ° f " "“rks * nd 

and oualitv - k !otrces ot »ater, in respect of both quantity 

to study tie economitfef fectivenesfof artiff'f^ “ T 



A progressive development programme 

25 ' irtol4 t c»V“ ri r/ Iy8 ° f increasi,1 « s^PPiiss discussed in paragraphs 

This leaves only exp'lof ati 0 n P of d ’ lri ‘' g thB n6It ten years ' 

Storage TK 7 P tatl ? n of water « underground strata and surface 

that Shit is required^is 18 Uproar ess^ ” ^ “ Capt ft C °""" ittee ' s suggestion 
atage of snch a’pr.^ 0 n f 

inves ti ° bk f dned . in this »ay in both the Thames Lfer^foisfa J ”* 1 S “^ lles 
realisedfthen, with^thfexcent 2 ^ ‘V® beI ° W) Sh ° W tb “ tbaaa b °P aa <=“ 1 » 
new surface reservoirs can be postponed until" 1 aterf tage^say f r ”l 975 blS 

stages of a progressive programme of underground and surface storage 
26. We therefore recommend that:- 

(1) the works of the Great Ouse Water Authority at the Diddington 

reservoir should be expanded to their fail capacity at an early date; 

<2) offed r:r°i r ShOU f be o° nst ™cted as soon as possible, as 
planned by the Metropolitan Water Board; 

(3> Diddinyfr 1 f ° r CDnskractio " °f > supplementary intake to the 

“h ^: t i r r i,01r “ thB *“* °*« Sh °“ ld ba proceeded 

(4) of e th Ch r e f °0 pumping * ,ater f ™ ‘ho Ely Ouse into the head waters 

investigated h f “h" if"” " the Essex area >hould be 
nvestigated by the river authorities concerned and steps should be 
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taken to put that scheme into effect at the earliest possible date 
and to provide appropriately increased intake capacities at Abberton 
and Hanningfield Reservoirs; 

(5) to help meet increased demands on the Colne Valley Water Company, 

the Rickmansworth and Uxbridge Valley Water Company and the Lee 
Valley Water Company, the construction of intake works near 
Sunnymeads on the River Thames and the necessary pipelines should 
proceed. In our opinion, however, these works should be accom- 
panied by others which will enable abstraction to be made without 
reducing the statutory minimum flow over Teddington Weir. This can 
be done in two ways: by the Thames Conservancy's ground-water 

scheme and by constructing Stage II of the Farmoor reservoir and 
using it to regulate the river; 

(6) the ground-water resources in the Peterborough area and adjoining 
parts of the Lincolnshire River Authority area should be developed 
to keep pace with requirements in that locality; 

(7) certain local schemes will also have to be undertaken in Essex and 
East Suffolk to relieve the short-term deficiencies of those areas. 

27. Even if the ground-water schemes in the Thames and Great Ouse areas are 
developed successfully as quickly as we hope there will still be a 

deficiency in the central area reaching about 20 m.g.d. by 1981. This can 
only be met by a surface storage scheme. In view of the rate of growth of 
demand in the Welland and N’ene area and its remoteness from the ground-water 
schemes it would be preferable to provide the necessary storage in that area 
by building either the Manton or the Empingham reservoir. 

28. If our hopes for appreciable ground-water yields are not fulfilled new 
surface storage is the only alternative which can possibly be ready in 

time to meet demands in the early 1970’s. It is, therefore, essential that 
full site investigations are carried out immediately so that alternative 
supplies can be developed if the ground-water investigations show that they 
will be needed. To this end we recommend the following programme of 
reservoir site surveys and explorations : - 

(a) To be completed and reported on by the end of 1967 

1. Waddesdon 

2. Whitchurch 

3. Manton 

4. Empingham 

5. Great Bradley 

(b) To be completed and reported on by the end of 1969 

6. Cobbins Brook 

7. Abbotsley 

We wish to emphasise that the investigations in group (a), where not already 
under way, should be put in hand as quickly as possible. 
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Importance of ground-water investigations 

29. If, as we think is right, demands are 
^ o f development which offers scope for 
1970's, we cannot overstress the vital impo 
schemes for developing the ground-water res 
a reas. We recognise, and understand, the 
aifected by the schemes to be assured that 
but demands are pressing and already object 
scheme m the Lambourn Valley have caused a 
ill afford. The pilot scheme, and a simil 
are essential to determine the validity of 
feasibility of the whole projects. 



to be met by a progressive scheme 
a full re-appraisal in the early 
•rtance of an early start on pilot 
iources of the Thames and Great Ouse 
desire of those likely to be 
their interests will be safeguarded, 
ions to proposals for a pilot 
serious loss of time which we can 
ir scheme in the Great Ouse area, 
the objections as well as the 



30 ‘ water » 
flows in the river. S ° 0t “ undertakl “S a to take advantage of augmented 



Conclusions on the problem of the deficiency zone 



31. As we see the problem, 
action to secure the p 
in depth before determining 
action will involve complet 
new ones as described in pa 
exploration of the reservoi 
water schemes in the Thames 
possible ways of augmenting 
outside the South East and 
demand and the time needed 
reconnaissance will need to 



erefore, two things are necessary: (1) immediate 

lositlon for the next decade and (2) reconnaissance 
strategy for the years thereafter. Immediate 
ion of works already authorised and execution of 
ragraph 26 above. Reconnaissance will cover 
r sites listed in paragraph' 28, the pilot gronnd- 
and Great Ouse areas and investigation of other 
supplies such as the Wash barrage, imports from 
I 0 ° n ' Effing in mind the rate of growth of 
to build the large-scale works involved, 
be completed by the early 1970's. 



32. In reaching these conclusions we have had regard to the many factors 
ficto°° StS (WhlCh eC0n0 " lc necessity may make the decisive factor) *“ 

“s ;; xsssiS* 



Problems of re-use of water 
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administering the Bivers (Prevention of Pollution) Acts 1951-1961 and on all 
authorities and industries discharging used water. The following factors 
make that responsibility more important than ever before: - 

(1) local authority sewage works have nowadays to handle not only sewage 
from domestic properties but those industrial effluents which are 
accepted into the public sewers; 

(2) a large volume of such effluents is also discharged directly to 
rivers ; 

(3) effluents now form a much higher proportion of the total flow in 
rivers such as the Thames, Lee and Great Ouse. 

34. Continuing research will be needed into the nature of industrial effluents 
and the problems associated with controlling their discharge either to the 

public sewers or direct to rivers. Special attention will need to be given to 
toxic compounds, particularly those which are not easily removed or broken 
down. It may well become necessary to prescribe specific rules for dealing 
with industrial effluents according to the use made of the river into which 
they are discharged. 

35. Ministerial responsibility for control of pollution rests with the Minister 
of Housing & Local Government and we feel it our duty to draw the attention 

of the Minister to the serious issues which are involved. In addition, local 
authorities responsible for effluent disposal must be made aware of their 
increasing responsibilities in this respect not only in controlling their own 
effluents and in supervising private discharges to public sewers but also in 
securing that arrangements for the treatment of effluents are made concurrently 
with development. We wish to emphasise that it is not just a matter of know- 
ing how to treat effluents. Finance must be provided to build treatment 
plants and they must be built to keep pace with the increase in water supplies. 
It must be remembered that every additional million gallons of Water put into 
supply means, broadly speaking, another million gallons of effluent to be 
treated. 

36. The provision of water supplies is not the only reason for maintaining 
high water quality conditions in the rivers. The rivers themselves may, 

if polluted, become a danger to health, unsightly and offensive. Fish life 
may well disappear entirely, as it has in some of the rivers in the north of 
England. The maintenance of fish life is a matter to which we attach consider- 
able importance, not only for the recreational facilities it provides, but as 
the best indicator we have at present of satisfactory water quality in our 
rivers. 



Requirements of land 

37. In our proposed programme, construction of big new surface storage 

reservoirs in the central area is envisaged only to supplement or to 
follow the development of the ground-water resources and, with the exception 
of one major scheme for the Welland and Nene area, need not commence until 
after 1975. Indeed, our concern to keep to a minimum the demand upon agri- 
cultural land has been a major factor in shaping our recommendations with 
their provision for a reappraisal in the early 1970’ s. In the unlikely event 
of all the reservoirs listed in Appendix IV to the Committee's report being 
required, about 35,000 acres of land would be inundated. This is equivalent 
to an average annual loss of 1,000 acres over the 35 years to the end of the 
century. These are large acreages but we emphasise that we are not yet 
committed to requiring them. 
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Capital and other costs 



38. No precise estimate can be made yet of the total investment required 

between now and the end of this century since a major re-assessment will 
eeded after completion of the surveys and investigations we recommend in 
this report. The Committee have, however, tried to estimate the cost of the 
schemes in their programme for meeting deficiencies up to 2001 with and 
without a Wash . barrage. We think their figures, which are quoted below are 
as good an estimate as can be made at present of the order of investment 
iiKeiy to be necessary:- 

ESTIMATED CAPITAL COSTS EXCLUDING LOCAL DISTRIBUTION 1966-2001 
(a) Central area 

(1) Combination of inland schemes . £310 millions 



(2) Pattern incorporating Wash barrage 

(b) Self-suffi cient areas 

(3) Probable combination of schemes listed 
in Appendix IV of the Committee’s report 



£400 millions 



£100 millions 

In addition, there will be expenditure on local distribution works. The 
Committee consider that this will total between £300 millions and £350 millions 
up to 2001 no matter what pattern of headworks emerges. 



r estment of between £710 millio 



Overall, therefore, they envisage an in 
and £850 millions during the next 35 years. 

39. Carrying out the programme outlined in this report and summarised in 
paragraphs 43 and 44 will also involve expenditure on surveys and 
investigations by river authorities, statutory water undertakings and ourselves 
over a period of years. Much of it will be a proper charge on-capital account 
and is likely to be the subject of applications for loan sanctions. While we 
are mindful of the overriding need for economy in public expenditure we cennot 
overstress the importance of the programme of investigations and trust that 
ail necessary monies and consents for it will be forthcoming 



Fisheries research 



40. In paragraph 16 we suggest that in five river authority areas internal 
resources will be sufficient to meet growing demands. In two of these 
areas, namely the Hampshire and Avon and Dorset areas, the chalk rivers have 
so far been relatively little developed for water supply. Potentially there 
should be surplus resources available here but these rivers contain some of 
the a°U”try s finest fisheries whose water requirements the 1963 Act safe- 
guards. We need to know more about those requirements to arrive at estimates 
ol the amount of water which can be brought into use without harm to 
fisheries, and we shall be pursuing these questions with the river authorities 
and other parties concerned. 
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Liaison with local planning authorities 



41. In preparing estimates of future demands for water and in formulating 

proposals for augmenting supplies, whether by the development of aquifer, 
or by surface storage or by transfers from outside their areas, river 
authorities will need to maintain close liaison with local planning author- 
ities. Indeed, without a full understanding of each other's problems and 
proposals, neither a river authority nor a local planning authority will be 
able to discharge their functions effectively. We trust that there will be 
the fullest possible measure of consultation and co-operation between them on 
all aspects of their work and between them and the Regional Economic Planning 
Councils and Boards. 



Organisation 

42. In paragraph 17 we stressed that we are faced with a regional problem 
going beyond the resources of any one water undertaking or river 
authority. The pattern of regional water supply outlined by the Committee 
and endorsed by us will require a regional network of aqueducts within the 
areas of five or six river authorities and many major water undertakings. 

The construction and operation of this network will require a high degree of 
co-ordination and may well involve setting up an ad hoc body under the Water 
Act 1945 and the Water Resources Act 1963. Clearly a Wash barrage would also 
involve special administrative arrangements. We shall be giving our atten- 
tion to these problems. We do not foresee any insuperable difficulties in 
solving them, though they are likely to involve complicated financial 
arrangements with existing authorities. 



Summary of recommendations for action 

43. In the self-sufficient areas listed in paragraph 16 above, the river 

authorities should be able to meet their needs from resources in their 
own areas. 



44. For the deficiency zone we have outlined in paragraphs 25 to 31 above a 
progressive programme of action covering both the construction of works 
to secure the position during the next decade and a series of investigations 
to be completed by the early 1970's when a major re-appraisal will be needed. 
The following table summarises the programme of works and investigations which 
appear to us to be necessary and about which we shall consult the river 
authorities and other bodies and interests concerned: - 



PROGRAMME OF WORKS AND INVESTIGATIONS FOR THE CENTRAL AREA 
Works to be completed as soon as possible 

1. Expansion of Diddington scheme; 

2. Construction of Datchet reservoir; 

3. Intake on Ely Ouse and transfer of water to Essex; 

4. Sunnymeads intake on River Thames; 

5. Completion of Farmoor reservoir; 

6. Local schemes in Essex and East Suffolk; 
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B. 



Works to be completed as required 



7. Development of the ground-water resources in the Peterborough 
area and adjoining parts of the Lincolnshire River Authority 
area; 

8. Man ton or Empingham reservoir (dependent upon outcome of site 
surveys and explorations - see 13 and 14 below); 

Gro und-water pilot sc hemes to be carried out as soon as possible 

9. Lambourn scheme of the Thames Conservancy; 

10. Parallel scheme by the Great Ouse River Authority to establish 
feasibility of controlled development of the chalk aquifer; 

Phased programme of surveys and explorations of reservoir sites 

(a) by the end of 1967 

11. Waddesdon; 

12. Whitchurch; 

13. Manton; 

14. Empingham; 

15. Great Bradley; 

(b) by the end of 1969 

16. Cobbins Brook; 

17. Abbotsley; 

Investigations to be completed by the early 1970's 

18. Wash Barrage: feasibility study; 

19. Desalination: operational experience of large-scale plant in 

U.K. conditions; 

20. Schemes whereby water could be transferred to the Thames area 
from other areas e.g. Severn, Avon and Dorset; 

21. Problems arising in operating a regional delivery network. 



Need for frequent review of plans 

45. This report and the Committee's report have been produced as a matter of 
urgency in advance of the river authorities' statutory surveys under 
section 14 of the Water Resources Act 1963. From the licences of right now 
being granted under Part IV of that Act we shall obtain for the first time 
detailed information about the present use of water by industry and agriculture 
and when the river authorities have completed their section 14 surveys we shall 
have a revised forecast for the future. Although we do not expect these 
figures to require major revisions in the programme outlined in this report, 
we would emphasise that -planning of this sort is not a once and for all 
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operation. It must be repeatedly revised to take account of developments. 

But this does not affect the urgency of the present situation and the need 
for early action in the manner we have described. We conclude this report, 
therefore, by conveying this sense of urgency not only to Ministers but to all 
concerned for without it future water supplies in the South East may well be 
in jeopardy. 



Reading Bridge House 

Reading 

Berkshi re 

10th May 1966 
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REPORT TO WATER RESOURCES BOARD 



PREFACE: APPOINTMENT AND PROCEDURE 



Our terms of reference were as follows: 



(a) to assess demands for water in south east England in the years up 
to 2001 for the following purposes :- 

(i) public water supply; 

(ii) industrial use over and above that obtained from the public 
supply; 

(iii) agricultural use; 

(iv) maintenance of river flows etc.; 

(b) to determine which sources were available to meet demands, indicat- 
ing the advantages and disadvantages of each and placing them in 
order of preference (bearing in mind all interests including land 
use and amenity) and to indicate the probable timetable for 
development; 

(c) to consider the system by which water would be distributed in bulk, 
either raw or treated, to the principal users in the area. 



2. We have met on seven occasions. On the first four occasions the meetings 
were conducted in two groups, a northern group embracing the areas of 
the Welland and Nene, Great Ouse, East Suffolk and Norfolk and Essex 
River Authorities together with the areas of the Lee Conservancy Catchment 
Board and of the Thames Conservancy, and a southern group embracing the area 
of the Thames Conservancy and those of the Kent, Sussex, Hampshire and Avon 
and Dorset River Authorities. The Committee met as a single body for its 
last three meetings. 



3. We are grateful to our authorities for allowing us to serve on the 
Committee and to the individual statutory. water undertakings and other 

organisations not directly represented on the Committee who have gathered 
and presented information for the Committee' s use. 

4. The opinions expressed in this report do not necessarily represent the 
views of all the members of the Committee and cannot be taken as 

committing any authority to the course of action recommended by us in the 
report. 
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CHAPTER 1. INTRODUCTION 



1.1 



The South East Study 



In February 1964 the Ministry of Housing and Local Government published 
the report* of a study of the problems which were expected to result from 
population growth in south east England in the period 1961-1981. The area 
studied (see Map 1) was defined by county boundaries and comprised the three 
standard census regions of south eastern England together with Dorset; it 
diiiered somewhat from the area of the present study. However, when consider- 
ing water supplies, Northamptonshire, the Soke of Peterborough and Swindon 
were added to the Study area and Dorset (apart from Poole) was excluded The 
report stated that within the 'Water Study’ area - which also differed from 
the area of the present study - the population was likely to grow from 
18 millions to 21 % millions over the period 1961-1981, the per capita consump- 
tion of water from statutory water undertakings in the area from 50.3 to 
65 gallons per day, and the total demand on these undertakings from 909 to 
1.372 million gallons per day. The report briefly reviewed the possibilities 
° exploiting new resources in the region - particularly in the valleys of 
the Thames and Great Ouse - and of importing water to the Thames from the 
south and west. 



It pointed out that the size and urgency of the water problems in the 
south east were such that a preliminary investigation of the possibilities of 
various major regional water schemes should be set on foot at once and 
suggested that this could be one of the first problems to which the Water 
Resources Board (which had not then been established) would wish to turn its 
attention. 



1.2 Hydrological Surveys 



The Ministry 
years a series of 
refer to parts of 



of Housing and Local Government have published 
hydrological surveys of river basins, of which 
the present study area:- 



in recent 
the following 



River Great Ouse Basin (I960) 
Essex Rivers and Stour (1961) 
River Lee Basin (1962) 

East Anglian Rivers (1963) 

Kent Rivers (1964) 

Welland and Nene Rivers (1964) 



The physical and hydrological characteristics of each basin are set out 
in these surveys, together with schedules of water use and an outline of the 
possibilities of further water resource development. The proposals outlined 
were in many cases only tentative since data were not available to confirm 
their feasibility and probable cost and because consideration o'f such sources 
in the context of probable demand was beyond the scope of these surveys. 

1.3 Water Resources Act 1963 



Section 14 of this Act requires each river authority to 
periodical surveys of the water resources of its area and of 
demands on those resources. It will be a duty of each river 
that the development and control of resources keeps pace with 
within its area. The Water Resources Board is obliged to see 
steps are taken to re-distribute water from areas of surplus 
deficiency. 



carry out 
the probable 
authority to see 
requirement s 
that appropriate 
to areas of 



i East Study, published by f. 
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the area of the present study - the population was likely to grow from 
18 millions to 21 % millions over the period 1961-1981, the per capita consump- 
tion of water from statutory water undertakings in the area from 50.3 to 
65 gallons per day, and the total demand on these undertakings from 909 to 
1.372 million gallons per day. The report briefly reviewed the possibilities 
° exploiting new resources in the region - particularly in the valleys of 
the Thames and Great Ouse - and of importing water to the Thames from the 
south and west. 



It pointed out that the size and urgency of the water problems in the 
south east were such that a preliminary investigation of the possibilities of 
various major regional water schemes should be set on foot at once and 
suggested that this could be one of the first problems to which the Water 
Resources Board (which had not then been established) would wish to turn its 
attention. 



1.2 Hydrological Surveys 



The Ministry 
years a series of 
refer to parts of 



of Housing and Local Government have published 
hydrological surveys of river basins, of which 
the present study area:- 



in recent 
the following 



River Great Ouse Basin (I960) 
Essex Rivers and Stour (1961) 
River Lee Basin (1962) 

East Anglian Rivers (1963) 

Kent Rivers (1964) 

Welland and Nene Rivers (1964) 



The physical and hydrological characteristics of each basin are set out 
in these surveys, together with schedules of water use and an outline of the 
possibilities of further water resource development. The proposals outlined 
were in many cases only tentative since data were not available to confirm 
their feasibility and probable cost and because consideration o'f such sources 
in the context of probable demand was beyond the scope of these surveys. 

1.3 Water Resources Act 1963 



Section 14 of this Act requires each river authority to 
periodical surveys of the water resources of its area and of 
demands on those resources. It will be a duty of each river 
that the development and control of resources keeps pace with 
within its area. The Water Resources Board is obliged to see 
steps are taken to re-distribute water from areas of surplus 
deficiency. 



carry out 
the probable 
authority to see 
requirement s 
that appropriate 
to areas of 



i East Study, published by f. 
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It will be some time, however, before the initial surveys can be 
completed by river authorities. In one instance - the Great Ouse area - a 
survey along similar lines was commissioned in 1964 by the Ministry of Housing 
and Local Government from a firm of consulting engineers, Messrs. Binnie and 
Partners, and the Committee have made use of the findings of that report*. 



1.4 The Present Study 

Because of the urgent need to develop new sources of supply for parts of 
south east England and because of the evident interdependence of river 
authority areas in this region, early guidance on the proper regional pattern 
of water development was essential. The Water Resources Board therefore con- 
vened two meetings early in February 1965 with the Acting Clerks and Chief 
Engineers of each of the river authorities in the south east, officers 
of the Thames Conservancy and the Lee Conservancy Catchment Board, and 
representatives of the corresponding regional organisations of the 
British Waterworks Association. At those meetings it was decided to set up 
two Technical Committees to review as quickly as possible the probable growth 
of demand in the south east and to consider the best way of deploying the 
region’s resources to meet this demand. 

The terms of reference of the study, which are set out in full in the 
preface, covered the assessment of water demand for all foreseeable purposes 
in south east England during the remainder of this century, comparison of 
available resources, and consideration of the probable timetable of develop- 
ment of resources and of the system of bulk distribution of water within the 
region . 

To some extent the work of these Committees must anticipate the findings 
of the periodical surveys required to be carried out by river authorities 
under section 14 of the 1963 Act: because of this the data assembled by us 

relate to river authority areas, the basic units for future water resource 
development. The area studied (described hereinafter as the south east 
region) is shown in relation to the South East Study and South East Water 
Study areas in Map 1, and comprises the eight river authority areas shown 
below together with the London Excluded Area and the areas of the Thames 
Conservancy and Lee Conservancy Catchment Board. 



Welland and Nene 
Great Ouse 

East Suffolk and Norfolk 
Essex 



Kent 

Sussex 

Hampshire 

Avon and Dorset 



1.5 Organisation of Study: 



It was agreed at the meetings held in Fe 
and complexity of the south east region, the 
resources should be considered in two broad z 
the areas of the Welland and Nene, Great Ouse 
Essex River Authorities together with the are 
Catchment Board/ and of the Thames Conservanc 
ing the area of the Thames Conservancy/ and th 
Hampshire and Avon and Dorset River Authoriti 



bruary that in view of the size 
problems of water demands and 
ones - a northern zone embracing 
, East Suffolk and Norfolk and 
as of the Lee Conservancy 
y/, and a southern zone embrac- 
ose of the Kent, Sussex, 
es . 



* The Report on the Water Resources of the Great Ouse Basin ( available from the Minist ry of Housing 
and Local Government . price nine guineas). 

/ Referred to in later paragraphs of this report under the generic title ‘river authority’ . 
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The study was therefore conducted initially by two Technical Committees 
representing the northern and southern zones respectively. Each Committee 
comprised the chief engineers of each river authority in the zone and the 
engineers representing the B.W.A. regional organisation for each river 
authority area together with a representative of the B.W.A. London and South 
tastern Regional Committee, with the Chief Engineer (Planning) of the Water 
Resources Board as chairman. Continuity between the two Technical Committees 
was maintained by representation on both of the Thames Conservancy and the 
•W. A London and South Eastern Regional Committee. Members of both Technical 
Committees attended the last three meetings which were conducted as joint 
meetings. Meetings were also attended by technical observers from the 

Boaif'Vit T” 6 i"? L i Cal G ° vern " e ”t. the Central Electricity Generating 
board and the Port of London Authority. 

These meetings have served as a forum for discussion between engineers of 
statutory water undertakings, which have hitherto alone exercised responsibi- 
ater conservation, and engineers of the river 
eforth will be increasingly concerned with the 



lity in the field of 
authorities, which h 



problems of resources and demands under the new legislation. Cl 
tion between these bodies will be vital and has been much in evi 



meetings of the two Committees 

1.6 General Situatii 



se co-opera 
dence at 



The south east region extends over about 19,000 square miles. Its mean 
annual rainfall averages about 27 inches and if we deduct a mean annual 
evaporation of 18 inches, there remains a residue (referred to as 'run-off' 
m subsequent paragraphs of this report) which averages about 9 inches per 
region but which varies from less than 4 inches over much of 



annum over the 



Essex to over 20 inches in parts of Dorset. This annual run-off is equivalent 
to about 6,500 million gallons per day (m.g.d.) on average, hut the Zl lt 
run-off is very variable and only by the development of storage can a 
substantial fraction of it be made available for continuous use. 

The population of about 19 mi llions receives supplies from statutory water 
undertakings (referred to subsequently as 'public water supplies’) totalling 
(inclnd" 1 ' 00 °."' S ' d ' < 53 eullons per head per day (g.h.d.)). .Other supplies 
1 ! ? ? B water at power stations and water for irrigation) total 

aW 1^750 m! g! d° n aT " aS<i S ° that th<! tDtal am ° Unt “ k " int ° “• 



5 

Printed image digitised by the University of Southampton Library Digitisation Unit 



Printed image digitised by the University of Southampton Library Digitisation Unit 



CHAPTER 2. DEMANDS AND RESOURCES OF 
STATUTORY WATER UNDERTAKINGS 



2.1 Present Demands 

Water is supplied to consumers in the south east region by 131 statutory 
water undertakings, whose limits of supply are shown in Map 2. The under- 
takings are listed in Table I of Appendix I for each river authority area, the 
estimated mean daily quantity supplied during 1964 being given in the Table. 
It should be noted that undertakings which overlap the boundaries of river 
authority areas are taken into account in two or more of those areas as appro- 
priate, the estimated demand within each particular river authority area being 
quoted. 

Analysis by the Ministry of Housing and Local Government of some fifty 
representative undertakings in the region, accounting for about 90 per cent of 
the total consumption, revealed that metered supplies comprise about 33 per 
cent of the total public water supplies. 

2.2 Estimation of Future Demands 

The population of the south east region is expected to increase consid- 
erably as a result of both natural growth and immigration from other regions, 
and consumption per capita may be expected to keep on increasing. Future 
demand can only be assessed by extrapolating previous growth trends in some 
way - either by extrapolating the trend of overall use, by combining expected 
population growth with trends in per capita consumption or by using the one 
process for metered use and the other for unmetered use. Each of these has 
its advocates. We have had considerable discussion on the merits of these 
methods and also on the probable causes of recent increases in per capita use. 

The analysis by the Ministry of Housing and Local Government referred to 
above and appended as Appendix II suggested that the combined metered and 
unmetered consumption might be represented by a trend zone from about 50 
gallons per head per day in 1965 to between 55 and 64 g.h.d. in 1981 and 
between 62 and 88 g.h.d. at the end of the century. In the South East Study 

a minimum figure of 65 g.h.d. in 1981 was suggested whilst the authors of the 
Report on the Water Resources of the Great Ouse Basin adopted figures of 65 
g.h.d. in 1981 and 80 g.h.d. in 2000 (excepting for new town developments for 
which a figure 10 per cent higher was used. ) 

Estimates of future population in each river authority area have been 
supplied by the Ministry of Housing and Local Government and these are given 
in Table A. Some statutory water undertakings have made their own estimates 
or have obtained estimates from local planning authorities. Some of these 
estimates differ materially from those given in Table A. For instance, the 
future population in the Great Ouse area as estimated by statutory water under- 
takings in the area is considerably greater: this arises principally on 

account of the estimates submitted by the Bucks Water Board who have expressed 
the view that the Table A figure is an underestimate. On the other hand, the 
Ministry’s population estimate for Hampshire for the year 2001 considerably 
exceeds the local estimate. We have thought it better to quote the Ministry’s 
estimates in this report since we are most concerned with the population 
growth in the region as a whole. 

We have not attempted to impose uniformity of approach on the demand 
figures submitted by individual undertakings. Many are based on the applica- 
tion to expected population totals of per capita consumptions of 65 g.p.d. 

(in 1981) and 80 g.p.d. (in 2001), whereas others (e.g. Metropolitan Water 
Board) are based on trends of total consumption. Some areas with higher per 
capita figures have allowed for a shift of industrial consumption from private 
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to public water supplies and some holiday areas obtain high per capita figures 
by dividing annual average demand over the resident population. The future 
demand for Bucks Water Board (Great Ouse and Thames areas) has been calculated 
as the product of estimated population and estimated per capita use and in 
substituting reduced figures for estimated population we have also substituted 
reduced figures for their estimated total demand. 



The assumed overall growth of demand for the south east region during 
1964 to 2001 corresponds to an average annual growth rate of 3.1 per cent of 
the 1964 figure (i.e. as simple interest growth). For comparison, the 1964 
demands given in Table A represent a simple interest growth rate of about 3.5 
per cent per annum over the 1955 demands quoted in the First Report* of the 
Central Advisory Water Committee’s Sub-Committee on the Growing Demand for 
Water, although average increases of only 1.5, 0.7 and 1.0 per cent per annum 
were forecast in that report for the Eastern, London and South Eastern and 
Southern Administrative Regions, respectively, for the period 1955-65. 

It should be appreciated that estimates of future consumption are at best 
representative of a broad trend of possible growth and that the level of demand 
predicted for a remote future date may be reached many years before or after 
that date. We feel, however, that the demands which we have allowed for at 
the end of the century should be regarded as the lowest figures which are 
likely to apply at that date unless the population forecasts prove radically 
wrong. Our forecasts for 1981 are designed to ensure that adequate resources 
will be developed by that date by putting in hand suitable works during the 
next decade. The 2001 figures, on the other hand, are such as should avoid 
risk of abortive expenditure in preparing for conditions at that remote date. 

2.3 Tabulated Demands 



Table I (Appendix I) shows for each river authority area in the region 
estimated future demand figures for each undertaking, or part of an under- 
taking, in the years 1971, 1981 and 2001 and the total for each river 
authority area. The figures quoted in the Table have been calculated from 
average annual demands. 



The comparative size of demand and rate of growth of demand in each river 
authority area is illustrated diagrammatically in Map 3. 

2.4 Existing Resources 



For the purposes of this report 
sources of supply (underground and 
which could be met continuously from 
mind the fluctuation of demand which 
achieves consistency with the use of 
areas, whatever the type of source. 

2.5 Further Authorised Resources 



we have defined the ‘yield’ of existing 
surface) as the average annual demand 
the present installations, bearing in 
characterises the locality. This 
average annual demand figures in all 



These are resources (yield defined as in 2.4) for which under- 
takings have all the necessary powers to acquire land, abstract water and 
construct works. They include such major schemes as the Diddington scheme 
of the Great Ouse Water Authority, the Wraysbury and Datchet Reservoirs of the 
Metropolitan Water Board and the Farmoor scheme of Oxford Corporation as well 
as many small schemes, totalling some 200 m.g.d. of yield in the south east 
region. 



* Published by Her Majesty's Stationery Office in 1959. 
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or the ‘downstream’ deficiency (whichever is the greater) need be met by new 
resources, provided, as discussed just previously, that these new resources 
supply the necessary supplement to river flows during critical periods. The 
‘upstream’ deficiency exceeds the ‘downstream’ deficiency throughout the 
period under consideration, and the excess can be considered available 
(following its ‘upstream’ use) for export to other river basins. 

For the Great Ouse we have taken into account future increases in the 
yield of the Diddington Reservoir as calculated in the Report on the Water 
Resources of the Great Ouse Basin; these increases were computed by assuming a 
90 per cent return to the river of additional water required in the future by 
consumers upstream. The apparent area deficiency has been reduced accord- 
ingly, on the assumption that this increased yield can be applied against 
specific deficiencies shown in the Table. 

3.4 Water Quality 

The re- abstraction of increasing amounts of sewage effluents in this way 
may be a matter of some concern in the future although little is yet known 
about the hazards, if any, involved. It is for this reason that we have not 
taken advantage of the full possibilities of successive re-use on the Thames 
upstream of Teddington - as we might have done by covering only the smaller 
‘downstream’ deficiencies - but have instead suggested that all deficiencies 
of the ‘upstream* users be made good independently. In respect of the Lee, 
although considerable extra yields (over 30 m.g.d. in 2001) could be obtained 
by re- abstraction of new effluents arising over the period of study we have, 
for the purposes of this report, assumed that they will not be taken into 
public water supply. The possibility of further re-use in the Lee should, 
however, be borne in mind for the future. 

Opportunities for re-use of water may also occur elsewhere - for instance, 
in the Essex rivers and in the River Nene. Unless effluents are to be 
deliberately piped back for supply - and this would raise quality problems re- 
quiring careful examination - the amounts involved are not likely to be sub- 
stantial. No account has therefore been taken of augmentation of resources 
by this means except in the Rivers Thames and Great Ouse referred to above. 

As has been pointed out in the Report on the Water Resources of the 
Great Ouse Basin and elsewhere, several of the rivers of south east England 
may consist substantially of sewage effluent during future dry summers and a 
steady improvement in the general standard of the effluents discharged will 
be essential. 

3.5 Effective Deficiencies 

By applying the above corrections, we have drawn up a Table of ‘effective 
deficiencies’ of public water supplies in each river authority area 
(Appendix I). These effective deficiencies (disregarding any unused sur- 
pluses and any outstanding export liabilities, such as those from the Thames 
to South Essex) have been abstracted to the Summary Table (Appendix I). The 
figures in the last line of the Table represent the amounts which have to be 
made available at points of use throughout the region by new schemes of water 
supply or by works to transfer surpluses from one undertaking to another. 

For convenience, we have reproduced the effective deficiencies in the 
following Table B which also shows the authorised resources in each area. 



12 



Printed image digitised by the University of Southampton Library Digitisation Unit 



TABLE B 



EFFECTIVE INTERNAL DEFICIENCIES OF RIVER AUTHORITY AREAS 
(PUBLIC WATER SUPPLIES ONLY) 



River Authority Area 


[ Authorised 
Resources 
m. g.d. 


Welland and Nene 




Great Ouse 




East Suffolk and Norfolk 




Essex 




Lee 


103 


Thames 


580 


(including London 
Excluded Area) 




Kent 




Sussex 




Hampshire 




Avon and Dorset 


75 


Totals 


1,294 



Estimated Effective Deficient 
(to nearest 5 m. g.d. ) 
(From Summary Table, Append ii 



NOTE: 



The Thame 
would be 



35 m.g.d. 



A«oJe«cJ.. reflect the requirements of , 
returned as effluent above Teddlngton Weir; 
ding deficienciea below the Weir and the exi 
in 1981 and 135 m.g.d. in 2 001) would be at 
The total deficiencies given in the table , 
from new conservation works by these amount i 



iss (approximately 
tilable for export 
■ceed the totals 



Map 4 shows diagrammatic ally the data contained in Appendix I The 

sc'ale “VeYft 57/' i °““' s " bl °<* to a convenient vertical 

scale. The left hand column shows the authorised internal resonrces and 

a ,^75“'!' “PP ar = nt deficiency'; the right hand column represents 

which h f i n ° al ? emanis aad ' where appropriate, an 'apparent surplus' 

which brings the two columns into balance (see Table I, Appendix I) There 

;«r K mi° f i5 repre8 r in * tke p " bUo 

y ars 1981 and 2001 in each river authority area. 

plus Se° effective f? ^Ptssented hy imports to the area (if any) 

m r deficiency which has to be made good and, for the Thames 

tatiou f are “ : ‘ 7'“ Se allowanoe wI > ioh indicates the assumed augmen- 

tation of resources in the are. by the re-use of effluents discharged to 
rivers. ihe apparent surplus' in the right hand column is made up of local 
surplus resources which may or may not be transferable to offset deficiencies 
in the area or elsewhere (see 6.1). As explained above, the method of allow- 
ing for re-use in the Thames area means that a further surplus is available 
for export, at Teddlngton, being the difference between the 'effective 
deficiency supplement and the actual re-use indicated for users in the 
Ihames Conservancy and London Excluded Areas. 
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CHAPTER 4. DIRECT INDUSTRIAL DEMAND 



4.1 Basis of Estimates of Present Demand 



We are concerned here with the demands which privately and publicly 
owned industry (other than public water supply and agriculture) might wish to 
meet from private sources of supply. 



Information on past and present industrial use is only fragmentary. The 
Sub-Committee on the Growing Demand for Water analysed data obtained from six 
major water- consuming industries and published in their First Report estimates 
of the demands of these six industries, together with the nationalised indus- 
tries, for 1955. They assumed a 25 per cent increase by 1965. From those 
estimates, we have assessed the figures representing the area of the present 
study as: - 



1955 : 280 m.g.d. 

1965 : 350 m.g.d. 

The Sub -Commit tee ’ s figures included only the net use of cooling water by the 
Central Electricity Generating Board (i.e. the evaporative loss in recircula- 
tory cooling systems) but it would appear that they took into account the 
gross demand of other industries. Thus they included use of water for 
through-cooling which could be reduced by the adoption of recirculatory 
systems. They did not, however, purport to cover the whole of industry. 

The Sub-Committee suggested multiplying the demand figures by a factor of 0.8 
to allow for successive re-use but there is little doubt that this under- 
stated the possibilities for successive re-use by industries in some inland 
areas . 



The Hydrological Surveys published by the Ministry of Housing and Local 
Government (see 1.2) incorporate schedules of users and summaries of 
industrial abstraction, effluent discharge to rivers and to the sea and 
apparent net losses, and these have provided useful guidance. However, 
although a distinction is drawn in these Surveys between public water supply 
sources and industrial supplies obtained from private sources, and between 
effluents discharged privately to streams and those discharged from public 
sewage works, it cannot be assumed that private supplies are invariably linked 
to private disposal arrangements and so no clear picture of net use emerges. 

We have obtained information for some areas by direct enquiries to 
industry and in due course much more complete information will be obtainable 
by analysis of applications for licences under Part IV of the 1963 Act. 

Some assessment of the probability of net use of water by industry may also 
be made by theoretical calculations (e.g. for heat dissipation at power 
stations), bearing in mind that there are few industries which evaporate or 
otherwise consume appreciable quantities of water at inland sites or which 
divert water out of inland waters for appreciable distances. 

4.2 Future Net Private Industrial Demand 

We consider here the demands of privately owned industry separately from 
those of the Central Electricity Generating Board. Only those new net demands 
which may arise in the future are thought to be directly relevant to this study. 
We have attempted to assess present net demand from the information described 
above and to apply an appropriate growth rate to determine future net demand. 
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Evidence on the rate of growth of private abstraction is scanty. Annual 
rates of growth varying from 2 per cent of the present figure to 4 per cent 
compound have been put forward, the latter rate being based on the national 
productivity expansion rate adopted by the National Economic Development 
Council. In some areas growth pro rata with population change has been 
proposed whereas in others reductions in direct industrial use have been 
visualised. Such estimates as have been made refer to gross use: similar 

rates of growth may not be applicable to net use. 



The growth rate of metered supplies by statutory water undertakers offers 
some guide to changes in industrial use. Its relevance may be obscured, 
however, by a shift of industrial demand to or from public water supplies. 

The 1963 Act enables industry to develop private supplies with greater secur- 
ity than hitherto and it can be argued that this will lead to greater reliance 
on private supplies, especially where water of lower quality than that 
supplied by public water undertakings is acceptable. Nevertheless, we feel 
that on balance the trend will be the other way: i.e. towards increasing 

reliance by industry on public water supplies, and we have set the future per 
capita demand on public water supplies at a high figure in some areas where 
extensive new development is contemplated, in order to allow for this. 



The Ministry of Housing and Local Government analysis (Appendix II) 
indicates an average growth of about 3 per cent per annum of the 1946 metered 
supply per capita in the six selected areas over the period 1946-64; the 
overall metered growth is, however, obscured by regroupings of major under- 
takings with smaller undertakings whose records have been less complete. In 
Essex the total metered supply appears to have increased during this period by 
something like 6 % per cent per annum (simple). 

There is clearly no reliable guide at present to the rate of growth of 
net private industrial demand. Table C includes our estimates of present 
gross and net use by private industry and our proposed allowances for future 
net use. These are based generally on an assumed growth rate of 4 per cent 
per annum of present net use but with modifications in areas where the present 
net use appears to be negligible, where especially high per capita figures 
have been allowed for future public water supply or where present net use is 
thought to be unduly high in relation to gross use. 

4.3 Central Electricity Generating Board 

The south east region accounts for some 40 per cent of the present 
electricity demand in England and Wales and is expected in the 1980’ s to have 
a demand twice as large as the I960 demand for England and Wales. This vast 
increase must be met by building new power stations. 

To continue meeting new demands largely from outside the region, (as has 
been done over the last 15 years) would mean increasingly severe technical, 
economic and amenity problems. Not only are there few suitable coal-fired 
power station sites remaining on the Midland coalfields, but to connect these 
by additional high voltage overhead transmission lines to the load centres in 
the south east must make considerable impact on local amenity. Generation 
from coal will also be less economical than from oil or nuclear energy. 

We are advised by representatives of the Central Electricity Generating 
Board that it is impracticable to concentrate new power stations on the coast 
within the south east region partly because their construction on suitable 
undeveloped sites would ,»ften conflict with other interests and partly because 
they would be remote from major load centres west of London, involving long 
transmission lines. The 1963 Act offers new opportunities for obtaining 
water supplies inland and transferring water to sites near load centres away 
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stations inland m the south east region. 

on fuU e ioad° "" r miUg int ° ”«■«““» oircnUt., when 

uil load, over 50 million gallons of water an hour for cooling purposes 

Where the water source is insufficient to allow a once through syftem ! direct 

towers 6 Unde Wat ' r “ re '' 1 " d . aftor losing heat to the atmosphere in cooling 
towers. Under average conditions of temperature and humidity, 1 per cent of 
the quantity circulated is evaporated, i.e. up to 14 m.g.d. 

UP evauora t ^ SS abatraCti ° n for tower-cooled power stations is required to make 
up evaporative losses and ‘purge' from the cooling water system which keeps 
con;ent r, ti;n o salts and impurities in the circulated later to^n table 

.'I!' Th = quantity purged from the system varies: where there is a very 

soft pure water source it may be less than the amount evaporated; but where 
very hard waters are used it may be up to four or five times thai amount 
Assuming reasonable water quality and economy in use at a power station the 
C^rage amount abstracted would be made up equally of evaporation and 'purge' 
water, i.e. gross abstraction would be twice the net. H 8 

anorof!ch uhe national electrical system the average annual load factor 
approaches 50 per cent. The pattern of national demand for cooling water 
corresponds to the demand for electricity i.e. as an approximate g^fdl the 

K ml/lOOo'w 6Ta P° Iatlra f ° r "° d "n Pl-t operating with cooling towers is 
mg/1000 MW The operation of an individual power station may vary widely 

to a y iimh.T n y -“ d -° rer itS life ' G — ally, power st.tionsVe operated 

to a higher capacity in winter and are used less and less as they become older 

li older stations 11 ‘ I"' 10 " ia . the S r ° aa abstraction of water from a river ' 

larger st^ -T ^g “ “ tooling, are less used because new 

larger stations, with cooling towers, take over the load; the net abstraction 
however, increases because of evaporation losses. 

It 

have evaporati 
reasonable prices 

I?" 5 Central Electricity Generating Board have supplied ns with approxi- 
estimfir r<! f th • h ' i °° n " i,allIe tttiaug water now used in the region and with 
estimates of their planned use iu 1970. They have also supplied their 
tentative forecast of requirements in 1981 and 2001 but they have emphasised 
that predictions about cooling water demand or even about the methods of power 
production at these future dates are speculative in the extreme. P 

, 7 Ta B 1 ?t C haS b "o P re P ared fr °” estimates and those referred to in 

4.2. Both gross and net figures of industrial use are given for 1965 but 
oniy the estimated net figures are given for future years. The figures 
comi d Electricity Generating Board represent the probable 

combined evaporative use at power stations in average conditions and are 

aTon f“l Uad “ P ° W6r atati »"» «<=>> i. new 

and on full load. The required intake to a station would be approximately 

twice the evaporative use, which means that each must have access to a 

station^at fuVT^ C “ Ta r ne ? hat For instance, a 2000 Megawatt 

of which f “ dl ™ul d probably require a feed of at least 30 m.g.d., 

of which 14 m.g.d. would be evaporated and the remainder would be discharged 
with approximately double the input concentration of dissolved solids The 

oS;r.r* ? ‘““V" 1 from the °°° un e b *“ ^ >>» suitable f 0r 

other uses. Some further comments on the siting of power stations appear in 



t at present envisaged that dry cooling towers, which do not 
ive losses, will be economic where water is available at 
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4. 4 Public Water Supply and Direct Industrial Deficiencies 

The future effective deficiencies for public water supplies (Table B) and 
the net industrial deficiencies (Table C) calculated above are brought 
together in Table D. It should be noted that much of the water provided from 
new sources for public water supplies will in fact be available for subsequent 
re-use by industry, either by abstraction from inland waters or, in some 
localities, by the direct use of treated sewage effluent, so that the future 
industrial water use allowed for is in effect considerably greater than shown 
in Table C. 



TABLE D 

FUTURE EFFECTIVE DEFICIENCIES 
PUBLIC WATER SUPPLIES AND DIRECT INDUSTRIAL DEMANDS 



River Authority Area 


Total deficiencies 
(to nearest 5 m.g.d.) 


1971 

m.g.d. 


1981 

m.g.d. 


2001 

m.g.d. 


Welland and Nene 


5 


35 


95 


Great Ouse 


20 


55 


125 


East Suffolk and Norfolk 


5 


15 


40 


Essex 


35 


90 


175 


Lee 


. 5 


35 


110 


Thames 


15 






(including London Excluded Area) 








Kent 


10 


30 


105 


Sussex 


5 


10 


40 


Hampshire 


10 


45 


115 


Avon and Dorset 


- 


10 


40 


Totals - to nearest 100 m.g.d. 


100 


400 


1,100 



NOTE: The Thames deficiencies reflect the requirements of users whose consumption 

would be returned as effluent above Teddington Vein these exceed the cor- 
responding deficiencies below the Weir and the excess (approximately 35 m.g.d. 
in 1981 and 135 m.g.d. in 2001) would be available for export re-use. The 
totsl deficiencies given in the Table exceed the totals required from new 
conservation works by these amounts. 
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CHAPTER 5. AGRICULTURAL DEMAND 
5.1 Characteristics of Demand 

. . A e ric ' ll "iral demand falls into two general classes: that for spray 

««n« a i r th “ V St ° Ck wateri "K’ Washing, milk cooling and other 
general farm uses. We are advised that there is not expected to be any sub- 
stantial increase in the latter type of- demand on either public water supplies 
private sources. We have assumed that such increases as will occur will 
be covered by the general allowances for increased public water supplies and 
no separate consideration is therefore given to them in this report. 

The demand for water for spray irrigation differs somewhat from the de- 
mands for public water supply and industry because it is more sensitive to 
availability and cost of water. The economic limits of irrigation use for 

particular crops are not easy to predict, especially for remote future years. 

he relevant factors are outlined in various publications of the Ministry of 
Agriculture, Fisheries and Food and in the Report on the Water Resources of 
the Great Ouse Basin (Volume I, Appendix III). For the purposes of this 
report, however, it has heen decided to consider the demand in two broad 
divisions, viz: that for 'low value crops’ (principally grassland and sugar 

beet) and that for high value crops' (the remaining irrigable crops - princi- 
pally potatoes, vegetables and orchard fruit). Although storage of water for 
irrigating grassland has been provided by farmers in some localities and a 
case may be made for irrigating a proportion of the grassland area in this way 
we have assumed that, in general, the low value crops will make an effective ’ 
demand only in so far as water is available for abstraction directly from in- 
land waters during the irrigation season, without conservation works, but that 
the high value demand will justify expenditure on conservation works, ground- 
water abstraction and, where necessary, the import of water from other river 
authority areas. 



5. 2 Methods of Supply 

(i) Direct abstraction from a nearby inland water for spraying on to 
crops is the cheapest and most common form of irrigation; with this form of 
irrigation the cost of application is likely to outweigh abstraction charges 
by a considerable margin in most places. Future availability of water for 
this purpose will depend upon dry weather flows, the minimum acceptable flows 
determined by river authorities and the needs of existing lawful abstractors; 
but in certain areas it may be possible to sustain increasing acreages of 
summer irrigation' - i.e. irrigation supported by abstraction during the 
growing season - as sewage effluents contribute increasingly towards dry 
weather flows. 



(ii) Irrigation with water taken from boreholes, in general, is the next 
cheapest form of irrigation. In so far as it diminishes dry weather flows 
m inland waters it ranks as ‘summer irrigation’, but the impact on those 
inland waters may be delayed sufficiently for the effect to be that of a 
winter abstraction. In localities where abstraction of ground water equals 
or exceeds the average net percolation no further licences for borehole irri- 
gation will be permissible in any event. 

( iii ) Water may be abstracted from inland waters (or boreholes) in winter 
and stored in reservoirs for summer use or use may be made of ground-water 
storage by depleting the ground-water reserve and providing 'compensation 
boreholes’ to maintain stream flows in dry weather. Storage of surplus flow 
in local farm reservoirs appears to be more economic and convenient for irri- 
gation than major public conservation works but where water is not available 



21 



Printed image digitised by the University of Southampton Library Digitisation Unit 



These 
ilable resources in 



or suitable conditions do not obtain for local reservoirs, 'public’ conserva- 
tion works with distribution by pipeline or river may provide a viable alter- 
native for high value crops. 

(iv) There are other forms of irrigation - release of water into ditches 
through 'slackers' in the Fens, sub-surface irrigation from ditches in the 
marsh areas of Kent and Sussex and flooding of water-meadows in the^ Avon and 
Dorset area - whose effect on resqurces is difficult to assess, 
have been borne in mind, however, when estimating ava 
these areas. 

5.3 Existing and Future Demands 

Information on past and present acreages under irrigation in each river 
authority area has been obtained from the Ministry of Agriculture, Fisheries 
and Food./ The proportions of low value and high value crops have been estl 
mated and the growth of each sector has been extrapolated to the end of this 
century. The projected total acreages at the latter date in general ll 
close to the ultimate acreages envisaged in the Report* by the Natural 
Resources (Technical) Committee. 



Water demand in each area during a peak irrigation season has been 
assessed by assuming a seasonal use of 5 inches over the areas under irri- 
gation with a peak daily use of 0.08 inches over the whole of these areas, m 
6 ... i.si The present and pro- 

set 



accordance with the recommendations of the Ministry. 

iected acreages and the corresponding peak seasonal and daily demands are 
out for each river authority area in Appendix III, most of them culminating 
in the 'ceiling' acreages envisaged for each area in the Report 
Natural Resources (Technical) Committee. The projected seasonal demand in 
each river authority area in 1965, 1971, 1981 and 2001 is indicated diagram- 
matically on Map 5 from data tabulated in Appendix III. 

We must emphasise that future irrigation demands have been estimated by 
extrapolation from a very limited base period and are subject to unforeseeab e 
economic and political influences. They must be regarded as speculative. 

5.4 Effective Irrigation Demand 

In assessing 'effective' irrigation demand in future years, we have dis- 
counted projected growth, in either high value or low value categories beyond 
the ‘ceilings’ postulated in the Natural Resources (Technical) Committee 
Report, although in the view of certain members of the Committee growth beyon 
these 'ceilings' may well occur. The estimated future demand will be further 
restricted, in most areas, as a result of our assumption that irrigation of 
low value crops cannot justify expenditure on conservation works and wil 
depend upon water available from natural summer flows. 

The assessment of future availability of water for summer irrigation 
abstraction is a matter of some difficulty, especially where ground- water ^use 
olved. The 



the demand made in dry weather dur- 




dailv race to sausiy uciitiwu-i-- — 

of the order of 1.8 m. g. d. per 1000 irrigated acres The licensing of irri- 
gation use in wetter summers over and above that which can be maintained in 
critical conditions is not considered in this report, as its profitability is 
River authorities will have to assess from time to time the water 

, however, 



dubious 



riga i 



i of the Welland and Nene, Essex and Avon and Dorse 
i has been derived from analysis of licences, 
in Great Britain’ , published by Her Majesty’s Stat 



; River Authoritie i 
on ery Office in 1962. 
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avail able for abstraction in summer in the light of any minimum acceptable 
flows which they may determine. In this report we have divided areas into 
the following groups: 

(i > Areas with Dry Weather Flow Available for Abstraction: 

Avon and Dorset 
Hampshire 

Large parts of these areas are drained by rivers with wel 1 -maintained 
summer flows and are underlain by aquifers. High value crops occupy a com- 
paratively small sector of the total irrigable acreage. We expect that 
this sector of demand and much of the remainder will be met by the issue of 
licences for summer abstraction. The whole of the projected irrigation 
emand is regarded as an 'effective demand' in this report subject to the 
Ministry of Agriculture, Fisheries and Food's limit of ultimate growth. It 
is of little relevance to the water resources balance of the rest of the 
region, however, although it might somewhat reduce the export possibilities 
which are outlined in Chapter 7. 

Areas Without Dry Weather Flow Available for Abstraction 

(a) Thames 

Although much of the Thames area resembles the Avon and Dorset and 
Hampshire areas, little or no dry weather flow is available for addi- 
tional abstraction because of the requirements of downstream users. 
Although water can probably be put into the river system at a very low 
average cost from the proposed Thames ground-water controlled abstrac- 
tion scheme, (Thames 17 in Appendix IV) the amount needed for peak daily 
demand would call for a large number of extra boreholes or substantial 
local storage and it is doubtful if grassland irrigators would find it 
worthwhile to pay for either. Only the high value crop demand (about a 
half of the whole) has been regarded as an effective additional demand in 
future and it is assumed that the effective demand will be met from local 
storage works without prejudicing the yields of major conservation 
schemes. However, a conservative limit of yield has been taken for 
the ground-water controlled abstraction scheme and if conservation in 
the Thames is based on that scheme it is possible that further yield 
would be available and could be used to meet the remainder of the pro- 
jected irrigation demand. 

(b) Great Ouse 
Welland and Nene 

The irrigation prospects of the Great Ouse area were examined in 
some detail in the Report on the Water Resources of the Great Ouse Basin. 
It seems that the dry weather resources of much of the area are already 
over committed to licensees of right but towards the end of the period 
under review it may be possible for further summer abstraction to be 
licensed as more effluents will then be discharged into the upper 
reaches of the Bedford Ouse. The assumed effective demand is therefore 
represented by the high value demand plus the low value demand covered 
by licences of right, disregarding supplementary low value demand which 
might be met without storage in later years. The irrigation deficiency 
is represented by the excess of the effective demand over the available 
dry weather resources. This deficiency must be met by local farm 



23 



Printed image digitised by the University of Southampton Library Digitisation Unit 



storage or alternatively must be set against the export possibilities of 
major surface or ground-water storage schemes in the area. 

Similarly, in the Welland and Nene area there will be little scope 
for further direct abstraction of surface water for spray irrigation in 
dry weather, although the matter is complicated by the practice hitherto 
of diverting Nene flow into the catchment of the Great Ouse for the 
maintenance of water levels in the Fens. The effective demand has been 
assessed in the same way as for the Great Ouse area, and must be met by 
provision of local farm storage or by diversion from major surface 
storage schemes. 

Existing irrigation in the Fens by ‘slacker’ abstraction from 
rivers is not included in the data tabulated in Appendix III. We have 
assumed that in the South Level of the Fens this type of abstraction 
uses up to 37 m.g.d. of river flow in dry summer weather and that it 
will continue unchanged. Allowance has been made for this in assessing 
the available resources of the area. Existing irrigation demand in the 
Middle Level of the Fens is known to be in excess of the dry weather 
resources of that area. We consider that this demand must be met 
principally by the further conservation of Great Ouse water as the 
diversion of water from the River Nene downstream of Peterborough, as 
practised hitherto, will be the subject of review to accord with the 
commitments and requirements of the Welland and Nene River Authority. 

It is assumed that in the Great Ouse and Welland and Nene areas the 
effective demand will be met from local storage works without signifi- 
cantly diminishing the conservative yields claimed for major conservation 
schemes in Appendix IV. 

(c) East Suffolk and Norfolk 
Kent 

Sussex 

We consider that in these three areas little further direct abstrac- 
tion from inland waters for spray irrigation is likely to be permitted 
and that there may be localities where licence of right abstractions 
will overtax the dry weather flows. Extension of irrigation by surface 
water is likely to depend upon the provision of more local farm storage. 
Some additional direct ground-water abstraction will be possible in 
these areas and river regulation by controlled ground-water use may sup- 
port further abstraction, particularly in Norfolk. We have assumed 
that the effective demand in these three areas will be made up of the 
estimated present demand plus future demands for high value crops only, 
and that these demands will be met from the internal resources of the 
respective areas, without significantly affecting the estimated yields of 
schemes listed in Appendix IV. 

Sub-surface irrigation in the marsh areas of Kent and Sussex has 
not been included in the tabulated data in Appendix III. These uses 
will doubtless be taken into account when the minimum acceptable flows 
of the inland waters in these areas are determined. 

(d) Essex 
Lee 

These two areas have virtually no water available for the extension 
of irrigation. We have assumed that the effective demand will be made 
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up of the present demand plus future demands for high value crops only 
and that these effective demands will have to be met by imports into 
these areas. 

Table E shows the assumed effective demands in millions of gallons per 
peak irrigation season for each river authority area, these assumed effective 
demands being indicated by heavy broken lines on Map 5. 



TABLE E 



SPRAY IRRIGATION 



ASSUMED EFFECTIVE PEAK SEASONAL DEMAND 



River Authority Area 


Mill Ions of gallons 


(to nearest 100 m.g.) 


(to nearest 
500 m.g.) 




1965 


1971 


1981 


2001 


Welland and Nene 


600 


800 


1,200 


2,000 


Great Ouse 


4,300 


' 6,300 


8,400 


10,000 


East Suffolk and Norfolk 


3,200 


3.900 


4,700 


5,000 


Essex 


1,700 


2,200 


2,800 


3,000 


Lee 


400 


500 


800 


1,000 


Thames • 


1,800 


2,300 


2,800 


3,000 


Kent 


2,300 


3,000 


4,200 


6,000 


Sussex • 


700 


1,000 


1,000 


1,000 


Hampshire 


400 


700 


1,000 


1,500 


Avon and Dorset 


1,500 


1,800 


1,900 


2,000 


Total s 

(to nearest thousand m.g.) 


17,000 


23,000 


29,000 


35,000 



* These two areas are in a marginal category and it is possible that considerable 
additional acreages of graaaland will be irrigated and the figures of future 
irrigation use correspondingly increased . 

This total peak seasonal demand may be converted into the following 
approximate values of equivalent daily demand. All figures in m.g.d. to 
nearest 10 m.g.d. 



1965 1971 1981 2001 



(1) 


Long term average use 


40 


50 


60 


70 


(2) 


Average day of year of peak demand 


50 


60 


80 


100 


O) 


Average day durina peak irrigation 
season (150 days) 


110 


150 


190 


230 


(4) 


Peak rate of daily use 


270 


370 


460 


560 
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5.5 Significant Irrigation Deficiencies 

We have assumed that the effective irrigation demands listed for the 
Hampshire and Avon and Dorset areas in Table E will be met substantially by 
direct summer abstraction, although in a few localities in those areas there 
will be deficiencies to be made good by conservation works. In the remaining 
areas part of the demand is now met by direct abstraction and further direct 
abstraction may be licensed in the future. Since the dry weather resources 
of some of these areas are already over committed, however, and some conserva- 
tion works may be necessary to make good already inadequate streamflows in 
drought conditions, we consider that, having regard to our terms of reference 
(a)-(iv), the whole of their listed effective demands should be treated as 
irrigation deficiencies. In most cases, this necessarily overstates require- 
ments. Such deficiencies - amounting to about 90 per cent of the region’s 
irrigation demand - must be made good by public or private conservation works. 

These irrigation deficiencies, together with the estimated deficiencies 
for public water supply and industry, are shown diagrammatically in Map 6. 

The irrigation deficiencies of significance for the main conclusions of this 
report are those in the Essex and Lee areas, which, if they are to be met, 
necessitate imports, and those in the Thames and Great Ouse areas, which might 
impinge on resources which could otherwise be exported. 

The irrigation demand, being intermittent and very variable, cannot 
readily be compared with the continuous demands for domestic and industrial 
use referred to in previous chapters. Various daily equivalents of the irri- 
gation demand are given in Table E; none of these is precisely comparable 
with continuous demands. The peak daily use is significant for borehole or 
pipeline capacity, unless surface storage is added; the seasonal use or long- 
term average use may govern a storage scheme, depending on the storage avail- 
able. It is shown in The Report on the Water Resources of the Great Ouse 
Basin that for typical impounding or pumped storage surface reservoirs the 
irrigation use figure which may be compared directly with reliable continuous 
yield lies between the values shown in lines (2) and (3) in Table E (average 
day of year of peak demand and average day during peak irrigation season). 

For simplicity, the irrigation deficiencies are expressed in terms of 
the equivalent daily use in a year of peak demand i.e. as the maximum seasonal 
deficiencies divided by 365. Those for the Essex and Lee areas are assumed 
to require an equivalent daily import, a peak season’s use being made good by 
uniform daily increments into storage during the ensuing year. The Thames 
area deficiency is likely to be met from local storage works and boreholes 
(and perhaps partly from the proposed Thames ground-water controlled abstrac- 
tion scheme) without materially affecting present abstractors. The Great 
Ouse area deficiency can be made good partly by local storage reservoirs 
which are not listed in the proposed new resources of the area (Appendix IV) 
and partly at the expense of schemes which are so listed. However, the 
yields which we have assigned to those schemes in this report are conservative 
and allow for considerable abstraction to farm storage. It seems reasonable 
to assume, therefore, that the Great Ouse area irrigation deficiency will not 
impinge materially on the estimated yields of conservation projects listed in 
Appendix IV for that area. 

The irrigation deficiencies which we have taken into account in consider- 
ing the overall balance of surplus and deficiency areas are shown in Table F. 
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TABLE F 



REQUIRED IMPORTS 

m.g.d. 



River Authority Area 


1971 


1981 


2001 


Essex 

Lee 




7 


10 


11 



It should be noted, however, that the storage (private and public) re- 
quired throughout the region to meet the maximum seasonal demand listed in 
Table E will amount to some 30,000 million gallons in the year 2001, including 
storage in the Essex and Lee areas to accommodate the above imports which we 
have assumed will arrive in uniform daily increments throughout the year. It 
is likely that most of this storage will be in the form of small farm 
reservoirs . 
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CHAPTER 6 . PROPOSED PUBLIC RESOURCES 
6.1 Transfer of Surpluses 



We have 
Tables of App 
resources, 
because they 
lived for any 
from storage 
these can be 



considered the substantial surpluses which are shown in the 
endix I to see how they may be utilised before looking for new 
Many of them are not transferable to meet deficiencies elsewhere 
are too small and remote or because the surplus is too short- 
transfer to be economic. In general, only those which arise 
schemes are of significance in the overall resources balance and 
applied, at least in part, against deficiencies elsewhere. 



T £ e important surpluses m this category are those of the Metropolitan 
Water Board and the Oxford Corporation in the Thames area and those of the 
constituent undertakings of the Great Ouse Water Authority (the Mid- 
Northamptonshire, Nene and Ouse, North-Bedfordshire and Mid-Bedfordshire Water 
Boards and the Luton and Lee Valley Water Companies) in the Great Ouse area. 

The Metropolitan Water Board and most of the Great Ouse Water Authority 
surpluses are earmarked for transfer to those parts of the undertakings which 
are in other river authority areas, and are shown as imports into those areas. 
However, provided that the authorised works of the Great Oiise Water Authority 
are completed before 1971 the Authority is likely to have an overall surplus 
of about twelve m.g.d. at that date and should be able to spare enough water 
to meet the deficiencies of the Bucks Water Board from 1969 until 1972, with a 
diminishing contribution for about two years thereafter. By 1974 the 
authorised resources are likely to be fully taken up by the six constituent 
undertakings of the Authority. 



The Oxford Corporation surpluses would arise from the expedited 
completion of that undertaking's Farmoor scheme. Although they would not 
necessarily be completely transferable outside the Thames area, an arrangement 
to expedite completion of stage II of the Farmoor scheme for river regulation 
purposes would help to meet the deficiencies of the Colne Valley and 
Rich mans worth and Uxbridge Valley Water Companies in the early 1970' s if no 
better solution to that problem presents itself. 

It may well be that certain other transfers can be effected between 
undertakings locally to meet short-term needs in the less needy areas (for 
example, East Suffolk and Norfolk and the south coast areas) but these would 
be of marginal significance in the context of this report. 

6.2 Information on New Sources 



Information on sources which have been proposed for development has been 
supplied to the Committee jointly by the river authority engineer and the 
B.W.A. representative for each area. The proposals range from schemes which 
water undertakings have had under consideration and which, in some cases, have 
been thoroughly investigated, to ideas which have been briefly referred to in 
Hydrological Surveys (Ministry of Housing and Local Government) and which have 
received little critical attention. In all cases the suggested available 
yields will be subject to the determinations by river authorities of minimum 
acceptable flows for the inland waters concerned and to the licensing 
conditions which they will prescribe. 

The proposals which have been referred to the Committee are tabulated in 
Appendix IV by river authority areas and for each area an attempt has been 
made to group the schemes into the following categories: - 
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(i) Schemes specific to immediate local needs (generally less than 
5 m. g. d. yield) 

These are sources (mainly boreholes) which would meet local 
deficiencies in public water supplies and hence would reduce the 
accumulated deficiencies listed for certain areas but which have no 
other relevance to the regional study. Their inclusion in the 
tables means that, in the opinion of the Committee there is a prima 
facie case for further investigation or development but, with a few 
exceptions, no further comment on the merits of individual proposals 
will be made in this report. 

(ii ) Major schemes for supply within river authority area 

These are more substantial schemes which, although they may 
have been proposed for a particular statutory water undertaking, are 
here considered against the overall requirements of a river 
authority area. Some of them, because they would be unusually 
costly or for other reasons, must stand comparison with possible 
alternative supplies from regional schemes. 

(iii) Regional schemes 

These are general schemes (or important units of such schemes) 
of ground or surface water development for a river authority area 
which are designed to relieve public water supply, industrial or 
agricultural deficiencies throughout the area and/or to make water 
available for export to other areas for these purposes. This 
report is essentially concerned with the relative merits of these 
schemes for supplying areas of general deficiency. 

(iv) Barrages 

Several proposals for tidal barrages have been mooted from time 
to time and those which have been referred to the Committee are 
listed in Appendix IV. So far as we are aware the only one which 
has recently received even a preliminary engineering evaluation is 
that for The Wash. None of the schemes is of proved feasibility. 

6.3 Costs of Water 

Schemes in each of the first three categories (6.2) have been classified 
broadly in terms of unit water cost, which gives an indication of those schemes 
deserving priority on a cost basis. The costs quoted are the estimated costs 
per thousand gallons of treated water stored in service reservoirs, but 
excluding the costs of detail distribution, general overheads and local 
authority rates. A representative cost for present supplies in each area is 
quoted in Appendix IV for comparison. In general, where small local 
deficiencies are involved the costs of local ground-water sources cannot be 
challenged by those of water from regional schemes. 

Most of the schemes in the second and third categories seem likely to 
provide water at a cost of about 30 pence per thousand gallons. Where the 
estimated cost of water from new surface storage schemes is considerably in 
excess of 36 pence per thousand gallons there is an incentive to look to 
regional schemes for an alternative supply. For some areas of deficiency, 
a closer comparison of the costs of supply from various sources is made in 
Chapter 8. 
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6.4 Selection of Schemes 



In addition to cost, the following considerations need to be weighed in 
choosing between alternative schemes: 

(i ) Location 

Other things being equal (including adequate supervision of 
treatment plant etc.) a source near to the demand is to be preferred 
to a more distant one. 

( ii ) Conveyance 

If storage is to be exploited, schemes for river regulation and 
for conveyance of stored water in a river generally offer more 
economic use of storage and more benefit to other river users than 
schemes for direct supply through aqueducts and for bulk storage 
close to the consumer. This does not necessarily justify the use 
of a distant source in preference to a local one. 

(iii) Land Use 

Strong objection is usually made to the use of land for 
reservoirs. Provided that appropriate allowance is made for land 
purchase and for compensation - and we would draw attention to the 
remark /made about this on pages 13 and 14 of the Second Annual 
Report of the Water Resources Board* - we do not accept the argument 
that it is wrong in principle to use land for reservoirs. Never- 

theless, we recognise that objections on these grounds can be a 
serious impediment to the development of needed supplies and this 
strengthens the case for proposals which seem more likely to escape 
these objections. Indications of the quality of agricultural land 
involved and of other relevant aspects are given in the list of 
schemes in Appendix IV. 

( i v) Amenity 

Surface storage schemes can often add to rather than detract 
from general amenities, and the benefit arising from a well-designed 
reservoir, especially one affording recreational facilities, should 
be considered when schemes are planned. Moreover, regulating 
reservoirs which are used to augment the dry weather flows of a 
polluted river can do much to improve amenity along the entire course 
of the river. 



6.5 Required Investigations 



Most of the schemes listed in 
gation of some kind, e.g. pumping 
The schemes involving controlled g 
extensive development work and at 
relied upon to the same extent as 
It is highly desirable, therefore, 
in hand at an early date. It may 



i Appendix IV require preliminary investi- 
tests, site investigations and flow gaugings. 
round-water abstraction depend on much more 
this stage their estimated yields cannot be 
those for the more conventional sources, 
that the appropriate investigations be put 
also be necessary to fall back on more 
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conventional schemes if the ultimate development of these schemes is slower 
than we anticipate. 

The tidal barrage schemes would also require considerable investigation 
to prove their feasibility and they can only be regarded as possible sources 
in the latter part of the period under review. 

6.6 Areas of Deficiency 

We have compared demands (Table D) with potential resources (Appendix IV) 
and it is clear that the Essex, Lee and, possibly, Welland and Nene areas lack 
the internal resources to match their future needs. The deficiencies in 
these areas will probably have to be made good by imports from the adjoining 
Thames and Great Ouse areas which are conveniently placed to help. Map 6 
shows the total effective deficiencies estimated for each area - i.e. the 
requirements for public water supply (Chapter 3), industry (Chapter 4) and 
agriculture (Chapter 5) which must be met by new conservation works - and also 
indicates the three deficiency areas and the two areas of potential surplus 
referred to above. 

The remaining river authority areas appear to have potential resources 
adequate for their needs over the period of review although there are parts of 
these areas - south east Suffolk and north west Kent - which are not well 
placed to take advantage of the future internal resources suggested for their 
respective areas. Substantial deficiencies will also occur in the most 
westerly part of the Great Ouse area and at the eastern end of the Thames area. 

There is thus a ‘deficiency zone’ extending in an arc along the boundary 
of the Thames and Great Ouse areas from Northamptonshire through the London 
Basin and across Essex. It is with the needs of this zone and the selection 
of sources to satisfy these needs that this report is most concerned. The 
extent of the zone and the location of the principal regional sources 
(Appendix IV, Category (iii)) are shown on Map 7, in which the zone is divided 
into Sections with representative delivery centres for comparison of costs. 
Category (ii) sources are indicated on this map by reference to the numbers 
allotted to them in Appendix IV. 

The balance of resources within each area is dealt with in Chapter 7 and 
the comparison of alternative regional resources in Chapter 8. 

6.7 Special and Extra Regional Resources 

Reference is made here to certain possible resources other than those 
listed in Appendix IV. None of them would play a part in the pattern of 
development as we foresee it during the next decade but one or more of them may 
be of relevance in the long term and appropriate studies should go forward. 

(i ) Imports from the west 

Water may be pumped into the upper Thames from the Severn or 
possibly from the Wye. Conservation works would probably have to be 

undertaken in the source catchments but it is outside our terms of 
reference to examine in any detail the problems of siting, transfer 
or water quality. However, the possible cost of water from these 
sources vis-a-vis water made available by regulation works in the 
Thames basin is referred to in Chapter 8. They will evidently 
deserve consideration should there be difficulty in implementing the 
Thames ground-water regulation or surface storage schemes; they may 
also be required to provide additional sources in the last decade of 
this century. The problems should be fully investigated. 
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The River Trent might provide an alternative route by which 
water from the west could be brought into the south east region as 
that river will be carrying increasing quantities of effluent 
resulting from water imported into the west Midlands and possibly 
water produced by further development of the River Derwent. Part of 
this could be piped into the Welland and Nene area if, in due course, 
the quality of the River Trent could be sufficiently improved. 

If a Wash storage project was authorised, water from the River 
Trent could be fed into storage via the River Witham, subject to the 
gradient available on that river. 

(ii) Wash Reservoir 

A preliminary appraisal of a scheme for freshwater storage in 
the Wash is contained in the Report on the Water Resources of the 
Great Ouse Basin. Such a scheme would involve two or three river 
authority areas. It was recommended in that Report that a 
feasibility investigation and cost estimate of the Wash barrage 
should be proceeded with. 

Whilst it appears unlikely that water from such a source would 
be competitive in cost with, or of as good quality as, water from 
other sources outlined both in that Report and in Appendix IV, we 
nevertheless consider that an investigation should be made. 

In Chapter 8 the Wash scheme is compared with a succession of 
inland developments throughout the region. 

(iii) Artificial recharge of the London Basin 

The Metropolitan Water Board have shown in the lower Lee valley 
that the chalk can be successfully recharged artificially with fully 
treated water (see 7.5, Lee). Research is required to show the 
minimum acceptable quality of the recharge water and more hydro- 
geological knowledge is needed before artificial recharge could be 
practised on a large scale in the London Basin. For these reasons 
and because of the large quantities of water required for recharge 
before increased abstraction could be authorised on a wide basis, 
the project must be regarded as a long term one, but it is being 
studied by the Water Resources Board. 

( iv) Desalination 



The present stage of development and the costs of production of 
desalted water do not make it a serious competitor with the schemes 
listed in Appendix IV. It may find application to meet acute 
summer peaks of demand in one or two coastal areas and there may be 
useful opportunities for pilot works in such places, but we cannot 
envisage its playing a major part in meeting the requirements 
of the region before 1981. Developments in technique or changes in 
fuel cost may alter the picture and it will of course be necessary 
to keep the possibilities of desalination under continuous review. 

( v) Recovery and Processing of Sewage Effluents 

In 4.4 reference was made to the supply of sewage effluents for 
industrial use, with or without further treatment. This could make 
substantial amounts of water available for industry in some coastal 
localities, particularly along the Thames estuary. In the more 
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important inland areas (Thames and Great Ouse) we have already taken 
available effluents into account by making allowance for successive 
re-use of river water, and direct feeding of effluents to industry 
in those areas would make little difference in quantitative terms to 
the amount of water available. 

Further investigation should be made into the physical and 
administrative factors which might inhibit the re-use of effluents 
for industry as the (possibly successive) re-use of effluents from 
tidal outfalls would greatly increase the amount of water available 
for industry in the region and might render superfluous much of the 
allowance we have made for additional water for industry (Table C) . 
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CHAPTER 7. BALANCE OF RESOURCES BY RIVER AUTHORITY AREAS 



In this Chapter we consider the individual balance of each area but in 
Chapter 8 many of the areas are grouped together for a regional analysis, 
with the result that some of the internal arrangements suggested in this 
Chapter need modification to fit into the regional pattern. 

For each river authority area we have compiled a table showing the 
combined effective deficiencies in m.g.d. to be made good by conservation 
works in the area or by import from other areas. The figures included in 
the tables have been derived from: 

Public Water Supply - Appendix I (pages 79 to 91) 

Industry - Table C (page 18) 

Irrigation - Table E (page 25) 

The categories and schemes for proposed sources referred to in this 

Chapter are taken from Appendix IV. 

7.1 Welland and Nene 



Combined Effective Deficiencies 



Year 


Public Water 
Supply 
m. g. d. 


Industry 
m.g. d. 


Irrigation 
m. g. d. 


Total 

(to nearest 5 m.g.d.) 


1971 




3 


2 


5 


1981 


30 


7 


3 


40 


2001 


75 


21 


4 


100 



We have assumed that the irrigation deficiencies will be made good by 
private storage works (see 5.4(ii)(b)). 

There seems to be every likelihood that ground-water sources in the 
northern part of the area, perhaps supplemented by imports from Lincolnshire, 
will provide a further 15 m.g.d. and that this will suffice to meet the needs 
of the area (excluding the Mid-Northamptonshire and Wisbech undertakings) 
until about 1981. Thereafter, reliance will have to be placed on water 
available from surface sources in the area or on imports from the Great Ouse 
ar ea . 

We have assumed that the needs of the Wisbech area will be met by con- 
tinued imports of water from the Great Ouse area. 

A major pumped storage scheme (scheme 10) has been suggested to meet 
future requirements of the Mid-Northamptonshire Water Board area. Geological 
investigation of this scheme is in hand. The scheme envisages two pumped 
storage reservoirs at Empingham and Manton with connected intakes on the 
Rivers Nene and Welland. The combined yield of the two reservoirs is 
estimated at more than 50 m.g.d. It might be possible to increase the yield 
of the scheme by a further 6 m.g.d. by the construction of a third reservoir. 

After allowing for its import of 12 m.g.d. from the Great Ouse area, the 
Mid-Northamptonshire Water Board will have deficiencies of about 20 m.g.d. in 
1981 and 46 m.g.d. in 2001. We have assumed that scheme 10 will meet these 
deficiencies. In the year 2001 the overall needs of south Northamptonshire 
(including industry) may exceed the water available from this scheme, and 
supplementary water could perhaps be transferred from the Trent or the Great 
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Ouse areas. We have assumed (see Chapter 8) that this supplementary water 
will be obtained from the Great Ouse area. 

7.2 Great Ouse 



Combined Effective Deficiencies 



Year 


Public Water 
Supply 
m. g.-d. 


Industry 

m.g.d. 


Irrigation 

m.g.d. 


Total 

(to nearest 5 m.g.d.) 


1971 


15 


3 ‘ 


17 


35 


1981 


30 


24 


23 


75 


2001 


65 


62 


27 


155 



We have assumed that the irrigation deficiencies need not be met from 
the schemes for new resources listed in Appendix IV. (See 5.4(ii)(b) and 

5.5). 



The schemes listed in Appendix IV have been regrouped below. We 
consider that, having regard to the extent of preparatory and engineering 
work, the estimated costs in relation to the benefits provided, and the 
likely obstacles to development, the major conservation schemes listed under 
(c), (d) and (e) below should be tackled in that general order. 

(a) (1-10) Local boreholes with estimated yields totalling about 
14 m.g.d. 

(b) (11) This scheme to abstract 6 m.g.d. from the River Wissey, 

(like a similar scheme for power station abstraction near Denver) 
would use the capacity of the flood relief channel as balancing 
storage. Despite this storage, we have assumed that the yield, 
like the yields for schemes 1-10, would not be additional to the 
estimated yield of the ground-water storage scheme 18. 

(12) We have assumed that this scheme, which is based on brickpit 
storage, would not add materially to the yield of scheme 17 . should 
the latter be developed. It might prove a worthwhile initial deve- 
lopment, particularly for power station use, if stabilisation of 
the pit sides did not involve excessive costs, but we do not con- 
sider that it would make any significant contribution to the overall 
water balance if the major schemes listed for the Great Ouse area 
were to be realised. 

(c) (13 & 15) These two schemes relate respectively to the abstraction 
via a new intake below the existing intake on the Bedford branch of 
the River Ouse, so as to increase the reliable yield of Diddington 
Reservoir (Grafham Water) by about 15 m.g.d., and the intermittent 
abstraction from the River Ely Ouse or its tributaries, without 
impinging on dry weather flows, for discharge into the Rivers Stour 
and Blackwater, so as to increase the reliable yields of the 
Abberton and Hanningfield Reservoirs in Essex by about 22 m.g.d. 

(d) (18) Stage I of this scheme provides for the controlled exploita- 
tion of ground-water storage in the chalk of the Ely Ouse catchment 
so as to obtain a continuous yield of 80 m.g.d. for 'export' from 
the catchment, having first provided for the continuation of 
'slacker' irrigation in the South Level of the Fens and guaranteed 
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a continuous flow of not less than 70 m.g.d. into the tidal Ouse at 
Denver Sluice. This would fully exploit the percolation income of 
the chalk (scheme 18(a)), but the artificial recharge of surplus 
winter run-off into the chalk (scheme 18(b)), oj? other means of 
regulating and using this run-off, would possibly increase the 
export yield to about 125 m.g.d. (stage II). The demands of statu- 
tory water undertakings within the Ely Ouse catchment could be met 
by intercepting part of the water destined to maintain the flow at 
Denver Sluice, and so would not impinge on the export yields. We 
have assumed that scheme 18(a), if it proves practicable, can be 
completed by 1981 and scheme 18(b) by 1990. It is assumed that the 
yields claimed for schemes 1-11 would be merged in the yield of 
scheme 18. 

The scheme would be based on a pattern of boreholes (‘supply 
boreholes') covering the unexploited areas of chalk and giving a 
continuous yield (80 m.g.d. in stage I) for supply to consumers 
outside the catchment. This would depress the water table during 
prolonged dry periods, so making storage available to accommodate 
subsequent percolation. An additional set of boreholes (‘compensa- 
tion boreholes’) would therefore be necessary to maintain river 
flows during dry weather, and some of these could be used to afford 
a continuous supply to consumers within the catchment before dis- 
charge to the rivers. 

If the yield of the ‘supply boreholes' could be collected by 
pipeline directly to treatment works and thence into supply, the 
above would probably be the most economical arrangement. However, 
since it is proposed that much of this water be conveyed into Essex 
and other areas in rivers (subsequently requiring full treatment) 
it might prove more expedient to discharge it first into the tribu- 
taries of the Ely Ouse and subsequently to abstract it into pipe- 
lines in the neighbourhood of (say) Ely for pumping over the water- 
shed. By permitting some regulation of direct run-off, this 
arrangement might render the recharge stage (stage II) unnecessary. 

(e) (14, 16 & 17) These three proposals for pumped storage reservoirs 

could yield 120 m.g.d. in 1981. Subsequent increases in yield 
(from increased dry weather flow of effluents in streams) have been 
ignored in this report (see 5.5). The yields and the engineering 
works of schemes 13 and 15 would be merged in those of schemes 14 
and 16, respectively. Combined with scheme 18(a) (controlled 
ground-water development) schemes 14, 16 and 17 would give a yield 
of about 185 m.g.d., as well as meeting additional needs within the 
Ely Ouse catchment. 

These three proposed pumped storage reservoirs are: 

(i) near Abbotsley in Huntingdonshire, to hold about 13,000 million 
gallons of water (14). It could be filled partly from a local 
intake from Brownshill Staunch (scheme 13) which would be used 
initially for supplying more water to Diddington Reservoir. 

(ii) near Great Bradley in the headwaters of the River Stour (16). 

It would hold about 13,000 million gallons and would be filled 
by pipeline from the Ely branch of the River Great Ouse, the 
pipeline being that initially used for putting Ely Ouse water 
into Essex rivers (scheme 15) and on the same route as any 
pipeline for picking up the yield of the controlled ground- 
water scheme (18(a)). The reservoir would be on glacial clay 
overlying chalk. The provision of Great Bradley Reservoir to 
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1971 : 



1981 : 



Printed image 



accommodate surplus run-off into the Ely Ouse may be regarded 
as an alternative to a recharge stage of the ground-water 
scheme (18 ( b) ) . 

(iii) on the Kimmeridge clay, near Whitchurch in Buckinghamshire, 
holding possibly about 18,000 million gallons (17). It 
could be filled by a pipeline from the Bedford branch of the 
River Great Ouse near Newport Pagnell or, alternatively, from 
the River Thames near Henley, in which case its capacity might 
be made somewhat greater (depending on investigation of this 
site and the nearby site at Waddesdon). 

It should be noted that the capacities and yields quoted for 
schemes 14, 16 and 17 (pumped storage reservoirs) are subject to 
site investigation and that the development of scheme 18 (controlled 
ground-water development) must be preceded by a programme of 
experimental field work to demonstrate the practicability of this 
form of ground-water management. 

Part of the total deficiency of about 20 m.g.d. may be met by authori- 
sation of local boreholes, although it may be necessary in some cases 
to make licences conditional upon provisions to maintain dry weather 
flows. The supply of water from the River Wissey to King’s Lynn 
(scheme 11) would impinge upon dry weather flows at Denver Sluice which 

are required, inter alia, for the dilution of crude sewage discharged 

by King’s Lynn Borough Council; improved arrangements for sewage 
disposal might therefore facilitate the provision of this water. 

The authorised works of the Great Ouse Water Authority will have 
a surplus yield of about 12 m.g.d. and this, together with the comple- 
tion of the new intake to Diddington (13), will enable that Authority 
to meet the needs of the Bucks Water Board, as well as those of their 
own constituent undertakings, until 1974 or 1975. 

Completion of scheme 15 (Ely Ouse water to Essex) would make 
about 22 m.g.d. of water available in Essex, provided that the 
necessary work to receive and distribute this water is carried out. 

The internal deficiencies to be met amount to about 55 m.g.d: roughly 

25 m.g.d. in the catchment of the Bedford Ouse, 10 m.g.d. in that of 
the Ely Ouse and the remainder in the tidal Ouse area. 

Scheme 13 will contribute about 15 m.g.d. in the catchment of the 
Bedford Ouse. 

On the assumption that scheme 18(a) will be successfully completed 
by 1981 it will cover requirements in the Ely Ouse area as well as 
making about 80 m.g.d,. available for supply to other parts of the 
Great Ouse area. 20 m.g.d. of this could be used to supply the tidal 
area and 10 m.g.d. could be transferred, via the Old West River and 
the Brownshill intake, to Diddington. A balance of about 50 m.g.d. 
would remain for export. 

Scheme 15 would continue to make about 22 m.g.d. available in 
Essex, making about 70 m.g.d. in all available for export. A larger 
surplus could perhaps be developed in 1981, if required, by completing 
one or more of the reservoir schemes (14, 16 or 17) by that date. 
However, if the ground-water scheme cannot be developed as completely 
or as rapidly as we have assumed, it may prove necessary to construct 
one or more of these pumped storage reservoirs before 1981 in order to 
meet essential needs. 
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2001: The internal deficiencies to be met amount to about 125 m.g.d. 

By making use of the winter run-off (by storage in Great Bradley 
Reservoir, by recharge into the chalk or by adapting scheme 18(a) as 
a regulating scheme), the yield of new schemes in the catchment of the 
Ely Ouse could be increased to about 125 m.g.d., in addition to meeting 
deficiencies (about 30 m.g.d.) in the Ely Ouse area. We think it 
prudent to assume that the 22 m.g.d. from scheme 15 would be absorbed 
in this total. This 125 m.g.d. would cover deficiencies in the area 
of the tidal Ouse and leave a surplus of about 85 m.g.d. available for 
export . 

Schemes 14 (Abbotsley Reservoir) and 17 (Whitchurch Reservoir) in 
the catchment of the Bedford Ouse would yield about 60 m.g.d., includ- 
ing the extra yield provided earlier by scheme 13. This would 
approximately balance the deficiency in the western half of the Great 
Ouse area. 

In general, the yields of the schemes listed could be deployed in 
either the eastern or western parts of the Great Ouse area, or in any 
of the adjoining deficiency areas,, without undue expenditure on 
capital works; however, arrangements permitting substantial exports 
to the Essex area (including part of East Suffolk) seem to commend 
themselves on grounds of convenience and need. 

The resources created by a barrage across the Wash and the general 
deployment of Great Ouse resources vis-a-vis Thames resources are 
considered in Chapter 8. 

7.3 East Suffolk and Norfolk 

Combined Effective Deficiencies 



Year 


Public Water 
Supply 
m. g. d. 


Industry 
m. g. d. 


Irrigation 

m.g.d. 


Total 

(to nearest 5 m.g.d.) 


1971 


2 


2 


11 


15 


1981 


9 


5 


13 


25 


2001 


32 


10 


14 


55 



pie local borehole schemes listed are estimated to yield over 6 m.g.d. 
and river regulation from boreholes is estimated to yield a further 24 m.g.d. 
Here, as elsewhere, proposals to regulate rivers by intermittent pumping of 
boreholes must be subject to investigation; the proposals may be regarded in 
effect as an extension of the chalk storage scheme (18) proposed for the 
Great Ouse area. However, the supply required in East Suffolk and Norfolk 
is small in relation to the available run-off- of the area and there is little 
doubt that the deficiencies of the greater part of the area (including both 
irrigation deficiencies and those arising from the increased demands on the 
Norwich and East Anglian undertakings) can be made good by such schemes 
together, perhaps, with local surface storage schemes for irrigation. 

No comment can be made on the feasibility of the Bure barrage scheme at 
the present time but if this should proceed for land drainage purposes it 
might be desirable to investigate the possibility of water conservation at 
the same time. 
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The Ipswich and south east Suffolk area requires separate appraisal. A 
scheme (7) is under consideration for a pumped storage reservoir at Washbrook 
which would meet the estimated demands of the Ipswich area until about 1981 
and, prima facie, deserves further investigation. The scheme entails 
abstraction from the River Gipping just upstream from the tidal limit at 
Ipswich, and delivery into a storage reservoir on the Belstead Brook, a 
tributary of the River Gipping whose confluence with that river is below the 
tidal limit. 

The Gipping valley is already fairly heavily developed by ground-water 
abstraction, and the scheme now suggested would fully develop the remaining 
run-off. The Washbrook site is on the clayey tertiary deposits with over- 
lying gravel and alluvium in the valley bottom. It is thought that if fully 
developed the site could store about 5,000 million gallons. Initially the 
yield would be about 7 m.g.d. but this could subsequently be increased by a 
second intake on the River Stour to bring in water derived from the Great Ouse 
area. Under these circumstances development of the full storage capacity of 
the site may be merited, but the proposal would require detailed consideratioi 
vis-a-vis the Great Bradley scheme (Great Ouse scheme 16) and other proposals 
for storing the surplus run-off of the Ely Ouse catchment. 

If, on completion of investigations, it is found that scheme 7 
(Washbrook Reservoir) can offer a reliable supply at a price below 36 pence 
per thousand gallons it would seem an appropriate solution for the problems 
of the Ipswich area. Failing the construction of such a reservoir, it may 
be possible to obtain a little more chalk water locally but the area would 
then have to look to an early development of the Great Ouse chalk storage 
scheme (Great Ouse scheme 18) in the headwaters of the Rivers Little Ouse or 
Thet. The headwaters of the River Thet is one of the areas which have been 
suggested for pilot schemes in the chalk and careful consideration should be 
given to the possibilities of early assistance to the Gipping valley area 
from the pilot installations. 

7 . 4 Essex 



Combined Effective Deficiencies 



Year 


Public Water 
Supply 

m.g.d. 


Industry 

m.g.d. 


Irrigation 
m. g. d. 


Total 

(to nearest 5 m.g.d.) 


1971 


31 


5 


6 


40 


1981 


80 


12 


8 


100 


2001 


148 


26 


8 


180 



The public water supply deficiencies will be considerably reduced if the 
Metropolitan Water Board continue to import sufficient water from the Thames 
to meet their entire deficiency in Essex and to fulfil their bulk supply 
agreement with the South Essex Waterworks Company. However, as is shown in 
7.6, the Thames area with the Metropolitan Water Board area will itself be in 
deficit by 1971 and the availability of water for export to Essex in a drought 
year will depend upon either a sufficiently rapid development of a new source 
in the Thames or some arrangement equivalent to the present statutory 
provisions for reducing the statutory minimum flow over Teddington Weir 
(170 m.g.d.). Even allowing for these imports to be made in full, there 
will still be a total deficiency of about 20 m. g..d. remaining in 1971. 
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As regards internal resources, the two small schemes (1 and 2) have a 
combined yield of about 3.6 m.g.d. and they therefore make little impact on 
the overall deficiencies. However, we consider that they should proceed if 
their promoters regard them as viable and justified in helping the short-term 
position. 

Proposals have been made for four pumped storage reservoir schemes (3-6) 
yielding a total of 30 m.g.d. The proposals are: 

(i) Maldon Reservoir (5) which is the largest of the four schemes and 
uses land least effectively but is probably on the poorest land. 

The scheme envisages storing 9,200 million gallons. The new 
reservoir would be used in conjunction with Hanningfield Reservoir, 
giving a combined capacity of 15,200 million gallons. Additional 
pumps would be installed at the existing Langford intake on the 
Rivers Chelmer/Blackwater to increase the maximum abstraction rate 
from 43 to 243 m.g.d. thus taking advantage of flood flows. The 
water would be pumped about three miles to the Maldon site through 
a tunnel which would also be used for conveying the stored water 
back to the river for abstraction at the existing intake for 
delivery to Hanningfield. The scheme is expensive because it seeks 
to exploit the run-off of the Rivers Chelmer/Blackwater to the 
practicable limit following the considerable storage conservation 
already obtained at Hanningfield. The estimated unit cost of the 
water yielded is over 4/- per thousand gallons treated and delivered 
to the service reservoir - considerably above the unit cost of water 
prevailing in the area and above that of any scheme (other than 
barrages) listed for the region. 

(ii) Ardleigh and Earls Colne (3 and 4) which would utilise the run-off 
from the River Colne, hitherto virtually undeveloped for public 
water supply. 

The first stage of the scheme entails the construction of a 
reservoir with a capacity of 500 million gallons about four miles 
north east of Colchester on Salery Brook at Ardleigh. It would be 
filled by pumping from the River Colne just above the tidal limit at 
Colchester and has been estimated to yield 5.0 m.g.d. A licence 
application has been submitted to the Essex River Authority for the 
Ardleigh scheme (3). 

The second stage of the scheme, estimated to give a further 
5.0 m.g.d. comprises a 3,200 million gallons’ capacity reservoir 
on the Bourne Brook tributary of the Colne near Earls Colne and 
Halstead (4). The reservoir would be filled partly by direct 
run-off and partly by pumping from the River Colne. The reservoir 
would be used to regulate the River Colne with abstraction as for 
the first stage into Ardleigh. 

(iii) The Roding-Wid reservoir (6) which would be situated on the 

River Wid east of Ingatestone and would utilise water from the 
River Roding; this is the other main Essex river, apart from the 
Colne, which has not yet been developed for water supply. The 
reservoir has a proposed storage capacity of 2,770 million gallons 
and a secondary reservoir of 680 million gallons’ capacity would 
collect and detain direct run-off from the Wid catchment before 
admission to the main reservoir. 

During times of high flow water would be pumped a distance of 
' 6 % miles from the River Roding to the reservoir and the water would 
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be released to regulate the Rivers Roding and Wid at times of low 
flow. Abstraction would be by means of a new intake at Chigwell and 
the water conveyed to an extension of the existing treatment works 
at Chigwell Row. The yield of the scheme is estimated to be about 
7 m.g.d. at a unit cost of under 2/6d. per thousand gallons treated 
ready for distribution. 

The deficiencies listed above for 1981 and 2001 must be met by new con- 
servation works in areas which can export water to Essex, after allowing for 
any local schemes which might be authorised meanwhile. The readiest means of 
obtaining and importing further water by the early 1970' s appears to be by 
feeding the Rivers Stour and Blackwater and possibly the Colne from the Great 
Ouse area (Great Ouse scheme 15) thus increasing the reliable yields of 
Abberton and Hanningfield by about 22 m.g.d. We consider that this proposal 
could be put into effect by about 1971, provided that an early decision is 
made to proceed, and all the indigent undertakings in Essex could be supplied 
by suitable connections from these two reservoirs. The river authorities 
concerned might well be giving consideration at an early stage to the machinery 
whereby this scheme could be put into effect. 

The allocation of further imports into Essex and the need for the Essex 
storage schemes - some of which may well be justifiable as local developments - 
are considered further in the context of the regional water balance in 
Chapter 8. Those considerations include the use of ground water and/or 
surface storage schemes in the Great Ouse and Thames catchments for providing 
water to Essex, either into the rivers to increase dry weather flows for 
subsequent abstraction or direct into the supply systems as most appropriate. 

The proposals for meeting requirements during, say, the next decade are 
unlikely to do much to improve dry weather flows in the Essex rivers as a 
whole, and the Essex River Authority may find it necessary to supplement these 
schemes with some local storage in the headwaters to augment dry weather flows. 

7.5 Lee: 



Combined Effective Deficiencies 



Year 


Public Water 
Supply 
m.g.d. 


Industry 

m.g.d. 


Irrigation 

m.g.d. 


Total 

(to nearest 5 m.g.d.) 


1971 


- 


3 


1 


5 


1981 


20 


15 


2 


35 


2001 


85 


24 


3 


110 



The statutory water undertakings should be able to meet their estimated 
demands in this area in full in 1971 by existing arrangements to import water 
from the Great Ouse (see 7.2) and Thames (see 7.6) areas and by the develop- 
ment of local ground-water schemes (Lee 1 and Great Ouse 4, 5 and 6). 

The small industrial and agricultural deficiencies in 1971, and the sub- 
sequent total deficiencies, will have to be made good from the Thames and 
Great Ouse areas as there is no prospect of a water balance based on the 
internal resources of the Lee area. The matter is discussed further in the 
context of the regional water balance (Chapter 8). 
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The area has no obvious potential resources but a possible pumped storage 
reservoir site exists at Cobbins Brook (Appendix IV Lee scheme 2), a tributary 
of the River Lee. The brook rises a little to the north of Epping and flows 
generally in a south westerly direction to join the River Lee just below 
Waltham Abbey. From the geological map it appears that the whole of the 
valley of the brook is on London Clay. The scheme envisages a dam across the 
valley to flood it to a level of about 225 feet A.O.D. The volume of storage 
created would be approximately 18,000 million gallons which would have to be 
filled largely with imported water probably from the River Thames. Assuming 
that the scheme immediately followed completion of the Metropolitan Water 
Board’s reservoirs at Wraysbury and Datchet,, Cobbins Brook reservoir would 
yield 58 m.g.d. based on a repetition of 1943/44 flows in the River Thames and 
Lee. The effect of regulating the flow of the Thames by the abstraction of 
ground-water (Thames scheme 17) on the yield of Cobbins Brook reservoir is 
mentioned in Chapter 8. 

The ground-water resources of the Lee area are overdeveloped and the 
Hydrological Survey of the River Lee Basin (1.2) indicated that abstraction 
from the chalk aquifer exceeded replenishment by about 10 m.g.d. The 
Metropolitan Water Board conducted a series of artifical recharge experiments 
between 1953 and 1958 at three of their well stations in the Lower Lee Valley. 
Fully treated water was discharged into existing wells during the winter 
months enabling these same wells to be pumped at higher rates during the 
summer months than were possible prior to artifical recharge. The Board have 
continued to practise artifical recharge at these well stations since 1958 
but the quantity of water available for recharge has been limited by a short- 
age of spare filtration capacity due to rising consumption. One apparent 
result of the artifical recharge operations has been a decrease in the rate 
of fall of the water table. It is to be hoped that the existing operations 
in the lower Lee valley will be continued and, if possible, expanded as they 
could represent a significant conservation measure. 

7.6 Thames: 



Combined Effective Deficiencies 



Year 


Public Water 
Supply 
m.g.d. 


Industry 
m. g.d. 


Irrigation 
m.g. d. 


Total 

(to nearest 5 m.g.d.) 


1971 


10 


5 


6 


20 


1981 


55 


25 


8 


90 


2001 


185 


58 


8 


250 



We have assumed that the agricultural deficiencies will be met in the 
main by private storage works and boreholes (see 5.4(ii)(a) and 5.5). 



As regards the deficiencies of the statutory water undertakings, it 
should be noted that the quantities listed relate to ‘upstream’ users, i.e. 
those undertakings whose consumption is returned as effluent above 
Teddington Weir (see 3.3). Provision of these quantities of water would meet 
the deficiencies of the ‘downstream’ users, i..e. those undertakings whose 
consumption within the area is returned as effluent below Teddington Weir and 
also make the following amounts available in the years stated for re-use 
outside the Thames area:- 

1971 : 5 m.g.d.; 1981 : 35 m.g.d.; 2001 : 135 m.g.d. 

Schemes 1 to 15 listed in Appendix IV, with a total yield of about 
50 m.g.d., would not significantly affect dry weather flows at Teddington. 
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Export of water to other river authority areas which would diminish these 
flows is undesirable. In certain instances, provision may have to be made 
the maintenance of dry weather flows locally; in others (e.g. scheme 12) 
increased ground-water abstraction could lead to local over-development of the 
aquifer. These latter schemes will require detailed investigation. 

Apart from these difficulties, the further unrestricted development of 
supplies obtained by continuous abstraction from boreholes would impinge on 
the scheme for regulation of the Thames flow by controlled ground-water 
abstraction (scheme 17), whereas direct use of river water will usually be a 
natural corollary from that scheme. Consideration will have to be given to the 
extent to which further continuous borehole abstraction should be allowed to 
occur and it may be that some undertakings which have hitherto relied solely 
on ground-water resources will, in the future, have to rely wholly or partly 
on surface abstraction to meet increased demands. However, where additional 
boreholes are the only reasonably economic means of supplying particular 
localities, they may have to be accepted even at the expense of some effect on 
the regulation scheme. We have assumed that during' the next five years such 
local schemes may be used to meet the deficiencies of some ‘upstream’ users; 
after 1971, however, we have assumed that the total new yield of ground-water 
sources - whether it includes further local development or not - will be 
represented by the yield figures we have assigned to scheme 17. 

The following three proposals for regional schemes are listed in 
Appendix IV: 



(i) Scheme 16 for direct- supply pumped storage reservoirs located on the 
Kimmeridge clay in central Buckinghamshire with an intake about 
twenty miles away on the River Thames near Medmenham. There are two 
possible reservoir sites, either or both of which could be developed; 
one site, known as Waddesdon, lies about 7 miles west of Aylesbury 
whilst the other, the Whitchurch site, lies about the same distance 
to the north of that town. Both sites appear to have good storage 
potential and site investigations are in hand. On the assumption 
that 25,000 million gallons of storage could be provided, and given 
adequate conditions of abstraction from the river, the yield could 
be about 70 m.g.d. on the basis of a repetition of 1943/44 river 
flows . 



The scheme would give users in Buckinghamshire the advantage of 
prolonged storage and would avoid abstraction of dry weather flows 
for such users. This advantage, which is common to all direct- 
supply reservoirs, must be weighed against the advantages to the 
river of regulation by storage in the upper reaches. Moreover, in 
this instance, we feel that the scheme for regulating the River 
Thames by the use of ground-water storage may well provide a supply 
in Buckinghamshire at appreciably lower cost and may therefore be 
chosen for prior development. We deal with this matter more fully 
in Chapters 8, 9 and 10. 

(ii) Scheme 17 is the Thames Conservancy’s project for regulation of the 
river by controlled ground-water abstraction. Basically this would 
involve pumping from boreholes into the tributary streams in dry 
weather with the consequence that there would be less ground-water 
leakage to these streams when surface run-off is more plentiful. An 
important advantage of this scheme is that it could be developed in 
stages and practicable rates of development might be 30 m.g.d. by 
1971, 125 m.g.d. by 1981 and 200 m.g.d. by 1991. 

(iii) Scheme 18 is for regulation of the Thames by means of pumped storage 
reservoirs at Bampton, Enborne and Otmoor, three sites which were 
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considered some years ago by the Metropolitan Water Board for their 
own storage purposes. The approximate storage capacities and yields 
of these proposed reservoirs are, respectively: Bampton 45,000 

million gallons - 70 m.g.d., Enborne 55 , 000 million gallons - 85 
m.g.d., Otmoor 32,000 million gallons - 55 m.g.d. Failing scheme 17 
it might be possible to produce a substantial proportion of the 
ultimate yield of that scheme by a combination of regulating 
reservoirs. 

The three schemes (16, 17 and 18) are all subject to investigation in the 
field and their estimated yields may be radically revised in due course. They 
are not mutually exclusive but we have not had time to consider their inter- 
action or the sequential effects of such a series of regulating reservoirs. 

Scheme 17 for regulation of the river by ground-water abstraction deserves 
priority because the estimated unit cost of water is lower than for the surface 
schemes and there would be less interference with the existing use of land. In 
examining the future resources balance of the area we have assumed that the 
scheme will be developed to the yields given above, with direct abstraction 
from the regulated river to statutory water undertakings in the Colne Valley 
area (scheme 17a), the Bucks Water Board and other users. The surface storage 
schemes have been considered as supplementary or alternative developments if 
the ground-water scheme fails to meet requirements. In Chapter 8 estimates 
are given of the possible yields of schemes 16 and 18 if they followed the 
full development of scheme 17. 

We envisage the situation at future dates as follows: - 

1971 : The sum of the deficiencies of public water supply and industrial users 

‘upstream’ of Teddington Weir is 15 m.g.d. If this is made good, 

10 m.g.d. (public water supply) would be returned to the river for re- 
use and would suffice to cover the internal deficiencies of the ‘down- 
stream’ users. However, regard must be had to the Metropolitan Water 
Board's existing arrangements for the transfer of Thames water to their 
consumers in the Lee and Essex areas. By 1971 these transfers are 
expected to exceed the Board's surplus in the Thames area by 3 m.g.d. 

In addition to these internal demands, the Board have an agreement to 
afford the South Essex Waterworks Company a bulk supply of water and 
the Company might require 20 m.g.d. in 1971. Thus, the extra water 
which would be required in the Thames to meet all these obligations, 
should 1971 be a drought year, would be the sum of these transfers, 
plus the effective deficiency of the ‘downstream' users (see Appendix I 
Thames Table III. A) plus the industrial deficiency, i.e. 3 + 20 + 5 + 

5 = 33 m.g.d. 

A yield of, say, 30 m.g.d. may be available from the initial stages of 
the Thames ground-water scheme if, following successful tests, the scheme is 
authorised for development. Failing this, extra water could be obtained (as 
at present) by the operation of an arrangement for a reduction, during drought, 
of the statutory minimum flow of 170 m.g.d. over Teddington Weir, such an 
arrangement providing also for direct abstraction by the Colne Valley, Lee 
Valley and Rickmansworth and Uxbridge Valley Water Companies. Nevertheless it 
is desirable to minimise the risk of reducing the flow over Teddington Weir 
below 170 m.g.d. and the following expedients deserve consideration: - 

(a) Pumping into streams from boreholes water, surplus to the immediate 
requirements of undertakings in the Thames Basin. There will be 
some surplus authorised resources and there exist other boreholes 
for which full powers of abstraction have not yet been authorised. 

The net increment to river flow from these resources can be assessed 
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as a suitable fraction of the pumping rate and it would be worth 
looking into this to see if a significant quantity would be avail- 
able and to see how the administrative problems could be overcome. 

(b) Completion of stage II of Oxford Corporation's Farmoor scheme would 
make available for river regulation about 1,700 million gallons of 
storage surplus to Oxford's immediate needs and would make about 
10 m.g.d. available for abstraction from the lower reaches of the 
Thames. The arrangement would be subject to the settlement of 
satisfactory financial terras under which Oxford Corporation would 
construct the stage II reservoir earlier than required for their 
own purposes, the reservoir presumably reverting to their use in 
due course. 

1981: At this date, the deficiencies, 90 m.g.d. are less than the yield, 

125 m.g.d., suggested for scheme 17. If this quantity should be 
available (possibly together with any surplus capacity from the 
Farmoor scheme) it would provide for all the abstractions in the 
Thames area and make about 80 m.g.d. (including 35 m.g.d. returned by 
the 'upstream' users) available for transfer to areas further east. 

If scheme 17 does not proceed as envisaged, scheme 16 (reservoirs 
in Buckinghamshire) could probably be developed by 1981, meeting the 
requirements of the Bucks Water Board (and perhaps some adjacent 
areas) by direct supply. Use of the remaining capacity of those 
reservoirs to regulate the Thames, coupled with use of the remaining 
spare capacity at Farmoor and some further continuous borehole 
supplies would probably suffice to cover the balance of deficiencies 
in the Thames area. Scheme 16 would have to be compared with other 
proposals for pumped storage sites in the Thames area (scheme 18); 
but subject to feasibility one or more of these would serve to meet 
1981 requirements as an alternative to scheme 17. 

Successful operation of regulating schemes, whether from ground 
or surface storage, to meet the needs of abstractors from the Thames 
will necessitate some review of existing powers of abstraction, the 
most important of which are those of the Metropolitan Water Board. 

2001 : The difference between the estimated deficiency of 250 m.g.d. and the 

estimated yield, at full development, of scheme 17 (200 m.g.d.) would 
be met by a greater measure of successive re-use by the 'upstream' 
undertakings. After providing for the needs of ‘downstream’ users, 
the su rpl us available for export at Teddington would be about 90 
m.g.d. if the new resources provided for 'upstream' users were 
limited to 200 m.g.d. 

Failing scheme 17, it appears that a similar yield might be made 
available from the surface storage schemes (16 and 18) if all of those 
mentioned were to prove feasible. We must emphasise, however, that 
the ultimate combined yield of these surface storage schemes can be 
little more than a speculation pending site investigation and 
hydrological analysis. 

To sura up, the Thames area can meet its estimated deficiencies until 
the year 2001 if the plans of the Thames Conservancy for river regulation 
with ground water can be realised. Failing this, it seems probable that a 
combination of several pumped storage reservoirs could meet these 
deficiencies. In addition to meeting the area’s internal deficiencies, the 
Thames area should also be able to meet the needs of that part of the 
Metropolitan Water Board's undertaking outside the Thames area and that 
Board’s commitment to supply 20 m.g.d. to the South Essex Waterworks Company 
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in 1971 (if necessary by the operation of powers to reduce the flow over 
Teddington Weir in a drought year). Subsequently, the estimated yields from 
the Thames controlled ground-water abstraction scheme will cover deficiencies 
in the Thames area and will make about 80 m.g.d. available for export to 
other areas in 1981 and about 90 m.g.d. in 2001. The 80 m.g.d. available in 
1981, together with the surplus of the Metropolitan Water Board’s authorised 
resources, would meet the deficiencies of the Metropolitan Water Board in the 
Lee and Essex areas together with 20 m.g.d. export to South Essex Waterworks 
Company and permit a further export of about 35 m.g.d. In 2001, however, 
little surplus would remain after meeting the area's internal deficiencies, 
those of the Metropolitan Water Board in the Lee and Essex areas and their 
export of 20 m.g.d. to South Essex Waterworks Company. 

7.7 Kent: 



Combined Effective Deficiencies 



Year 


Public Water 
Supply 
m.g.d. 


Industry 
m. g.d. 


Irrigation 
m. g. d. 


Total 

(to nearest 5 m.g..d. ) 


1971 


4 


4 


8 


15 


1981 


22 


10 


12 


45 


2001 


83 


20 


16 


120 



The local ground-water schemes (1 to 22) are estimated to yield 27.5 
m.g.d. including 2.5 m.g.d. (schemes 1 and 2) which may not be available 
from the sites specified because the disposal of mine-drainage into the chalk 
aquifer has locally increased chloride content of the ground water, and 6 
m.g.d. (schemes 10 and 11) which are dependent on additional intermittent 
abstractions to maintain the flow in the River Stour. Subject to these reser- 
vations we believe that 27.5 m.g.d. will be available from the ground water. 

Theoretical calculations on percolation, when applied to the chalk 
aquifer in north west Kent, indicate that the aquifer is already over-pumped, 
a condition first suggested in the Kent Rivers Hydrological Survey. (See 
1.2). If detailed observations of ground-water levels confirm this to be so, 
measures will have to be taken either to recharge the aquifer artificially or 
to supply, some abstractors by other means. Other undesirable features of 
local over-development which will have to be checked are the saline intrusion 
into the aquifer from the Thames estuary and the loss of water by natural 
recharge from the Rivers Darent and Cray to the extent that their flows are 
at times inadequate. One suggestion for augmenting the flows in the River 
Darent is to make use of storage in sand and gravel pits in the Sevenoaks 
area. 

Schemes 23 to 27 relate to pumped storage reservoirs which in total 
would yield approximately 60 m.g.d. The River Medway scheme (24 - Bewl 
Bridge reservoir) has been fully investigated and an application for powers 
to develop is being prepared. If approved, the scheme would be developed in 
stages to give an immediate yield of 10 m.g.d. increasing to 14 m.g.d. by the 
late 1970s. The final stages would .then need to be reviewed as they pre- 
suppose a reduction of the river flow at Teston from 90 m.g.d. to 50 m.g.d. 

If this reduction were possible the yield of the scheme would be raised to 
about 25 m.g.d. Preliminary investigation suggests that further reservoirs 
could be constructed at Lamberhurst, Winbridge or Dundle (scheme 25) with a 
combined yield of about 15 m.g*d. making a total of 40 m.g.d. from the River 
Medway and its tributaries. 

The other pumped storage schemes on the Rivers Stour (23) and Rother (26 
and 27) should be investigated in more detail. 
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If all the schemes listed in Appendix IV are developed the estimated 
demands of the area would be met until about 1990. It is anticipated that 
further schemes could be designed to make the area self-sufficient up to the 
end of the century . 

7.8 Sussex: 



Combined Effective Deficiencies 



Year 


Public Water 
Supply 
m. g. d. 


Industry 

m.g.d. 


Irrigation 
m. g. d. 


Total 

(to nearest 5 m.g.d.) 


1971 


2 


- 


3 


5 


1981 


11 


1 


3 


15 


2001 


36 


2 


3 


40 



The schemes listed for Sussex (excluding the Chichester barrage scheme) 
together produce a yield about equal to the estimated total deficiency in 
2001 but we have little doubt that these schemes do not exhaust the potential 
resources of the area, particularly in the Arun and Adur valleys. 

The local schemes - apart from the Pulborough boreholes - meet the needs 
of the statutory water undertakers in the eastern part of the area until the 
1990’s, but after that, on present estimates of demand, Hastings and 
Eastbourne will have to look to further sources. 

Development of the Sussex Ouse resources by regulating and/or direct 
supply (pumped storage) reservoirs (scheme 7) seems the obvious course to 
meet the demands in the central and northern part of the area. There are 
also possibilities of some water being available from this area for export 
to meet local deficiencies in the southern part of the Thames area. Several 
potential sites for regulating reservoirs, totalling some 3,000-4,000 million 
gallons capacity, exist on the upper tributaries of the River Ouse near 
Uckfield, Ardingly and Haywards Heath but these will require careful examina- 
tion of the geology and extensive site investigation before selection. 
Sociological and amenity factors will also be particularly important. 

The western part of the Sussex area which includes the Arun and Adur 
valleys and the western part of the South Downs probably offers the greatest 
scope for water supply development. This area could be developed by ground- 
water schemes in the chalk area (scheme 8), to meet the demands of develop- 
ment on the coastal strip eastwards and westwards and obviating the undesir- 
able possibility of seasonal change from chalk-derived to river-derived 
supplies, and by pumped storage/regulating schemes for the Wealden catchment, 
and on the tertiary formations overlying the chalk, such development would be 
the obvious course to follow if the Chichester barrage did not prove to be an 
attractive proposition. 

The Chichester Harbour barrage proposal (scheme 9) involves impounding 
the direct run-off from the chalk and tertiary catchment to Chichester 
Harbour plus quantities to be pumped from the middle reaches of the River 
Arun to the east and offers a fuller development of these resources with a 
potential yield of 35-40 m.g.d. The scheme envisages the impounding of 
12,000-14,000 milliqn gallons of usable water by two comparatively small 
barrages and may offer the prospect of relatively cheap water at full yield. 
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The barrage would straddle the river authority boundary with Hampshire 
and it could afford a supply to the eastern part of that area which is 
affected by the Portsmouth/Southampton new town proposals; Portsmouth Water 
Company already imports supplies to the Hampshire part of their statutory 
area from west Sussex. Such a supply to south east Hampshire could utilise 
the full potential of the scheme as at present foreseen, but larger-scale 
possibilities present themselves such as the storage of surplus run-off from 
the Hampshire rivers and the export of water to the Thames area via the Arun- 
Wey gap. 

The Committee therefore consider that this barrage proposal deserves 
further investigation into probable yield and cost by the two river 
authorities concerned to ascertain whether it merits a feasibility study. 

There is at present insufficient information to say whether this source would 
be worth developing to help to supply the regional ‘deficiency zone’ or 
whether a scheme of this kind would, on balance, enhance or impair the notable 
amenities of Chichester Harbour. 

7.9 Hampshire: 



Combined Effective Deficiencies 



Year 


Public Water 
Supply 
m. g. d. 


Industry 
m.g. d. 


Irrigation 

m.g.d. 


Total 

(to nearest 5 m.g.d.) 


1971 


11 


- 


- 


10 


1981 


43 


1 




45 


2001 


116 


2 


- 


120 



A substantial part of the deficiencies for Hampshire in 1981 and 2001 
may be ascribed to the proposed development - still in an early planning 
stage - of a new conurbation in the Southampton/Portsmouth area. The 
deficiencies might be substantially increased when a decision as to the full 
scale of this development has been reached. 

The resources of Hampshire have been comparatively little exploited for 
water supply. Moreover, run-off to rivers is more constant than in most 
other areas because of the preponderant contribution made by baseflow from 
the chalk. The essential problem in the Hampshire area is, therefore, that 
of reconciling the interests of abstractors with those of other water users, 
e.g. fishermen, and taking measures, where possible, to improve further upon 
the natural regulation of the rivers. 

The proposed borehole schemes 1 to 6 and the group of boreholes, scheme 
10, - yielding in all about 40 m.g.d. - are well within the available capacity 
of the area as a whole, although we have insufficient information to evaluate 
individual schemes or their comparative effects on dry weather flows. 

The suggested continuous direct river abstraction schemes, 8 and 9, 
together with any required abstractions for spray irrigation, may well be 
acceptable to the river authority without accompanying conservation works. 
Together with the borehole schemes they would apparently suffice to cover 
deficiencies until the late 1980*s. 

Beyond that date, schemes 7 and 11 for surface storage, if proved 
feasible, could meet the remaining deficiency in 2001. The authorisation of 
further direct abstractions from the rivers, supported when necessary, by a 
controlled ground-water abstraction scheme from the chalk similar to that 
under consideration in the Thames area, may well, however, prove more 
attractive from the cost and land use aspects. By the time a decision needs 
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to be taken on whether future requirements should be met by the provision of 
surface reservoirs much more should be known about the feasibility and poten- 
tiality of the Thames ground-water regulation scheme and pilot works could 
have been carried out in Hampshire. It will, therefore, then be possible to 
decide which of the two methods should be used to meet Hampshire's future 
deficiencies. Meanwhile, abstraction works on the rivers and many of the 
borehole works needed to meet interim deficiencies could be designed with a 
view to incorporating them into a ground-water regulation scheme. 

If the Hampshire area contrives to meet all its needs in these ways by 
2001 it will still have developed for water supply less than 30 per cent of 
its average annual run-off - compared with well over 50 per cent development 
which we envisage for the Thames area - and it may be able to offer some 
assistance to the Thames and its dependent areas if full regulation of the 
ground-water baseflow should prove practicable. 

Virtually no direct industrial demand has been allowed for in calculat- 
ing the future requirements of this area. The planned development of a new 
conurbation in the coastal area, which accounts for almost all the growth in 
public water supply demand, should, however, lend itself to the development 
of sewage effluent recovery for industrial use if a substantial demand for 
second-grade water were to develop. 

7.10 Avon and Dorset: 



Combined Effective Deficiencies 



Year 


Public Water 
Supply 
m. g. d. 


Industry 
m. g. d. 


Irrigation 
m. g. d. 


Total. 

(to nearest 5 m.g.d.) 


1971 


- 


. 






1981 


7 


1 


- 


10 


2001 


36 


2 




40 



Our remarks about the modest scale of demands in relation to available 
resources in the Hampshire area apply with even greater force to the Avon and 
Dorset area where, even if all deficiencies estimated for 2001 are met from 
the area's resources, only about 12 per cent of the mean run-off will have 
been utilised. 

If, as we assumed in Chapter 5, both high value and low value crops 
make an effective irrigation demand, the daily irrigation use might reach a 
peak of 30 million gallons, but some of this would be ground-water use and 
the impact on dry weather stream flows is likely to be acceptable to the 
river authority. 

The schemes listed in Appendix IV - mostly local borehole developments - 
are estimated to yield in total about 25 m.g.d. Whilst we have insufficient 
information to evaluate the individual proposals we have no doubt that very 
much greater supplies can be obtained by continuous borehole abstraction, by 
direct river abstraction and/or by ground-water regulation of rivers; 

So far as the region as a whole is concerned, therefore, the main 
interest is in the export possibilities of this area. Two approaches to the 
conservation of ground water for export into the Thames area and thence to 
the areas of severe deficiency seem possible. 

The ground water could perhaps be developed in the way proposed for the 
Ely Ouse in the Report on The Water Resources of the Great Ouse Basin: i.e. 
boreholes would be put down for supply, feeding into pipelines (or possibly 
a canal) crossing the watershed into the Thames area with further 'compensa- 
tion' boreholes being put down for feeding watercourses in dry weather. 
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This arrangement would withdraw the effective yield from flows in the Avon and 
Dorset rivers and development would be limited by the minimum acceptable flow 
requirements in those rivers. In the Ely Ouse catchment a yield of about 80 
m-g-d. (125 m.g.d. with recharge) was anticipated from an average percolation 
income of 225 m.g.d. which is very similar to the mean percolation income of 
that portion of the Avon and Dorset chalk lying within the catchment of the 
Avon. 



Because of the nature of the chalk of Salisbury Plain and the adjoining 
areas, however, there is likely to be more difficulty than in East Anglia in 
tapping it by widely distributed boreholes, and the form of exploitation 
proposed for the Thames Basin - i.e. feeding the rivers from boreholes sited 
in the valleys - is likely to be more appropriate. If water is then 
abstracted from the lower reaches of the rivers and returned to the head of 
the catchment by pipeline, dry weather flow will be improved throughout much 
of the system and yields may be increased by regulating direct run**off. 

These possibilities will deserve further consideration in the light of 
experience in the Thames and, possibly, the Great Ouse areas. If the Thames 
project is successful there will be a possibility of a further 100 m.g.d. or 
more (although necessarily at considerably greater cost) by its extension into 
the Avon and Dorset, and perhaps Hampshire, areas. 
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CHAPTER 8. RESOURCES BALANCE OF CENTRAL AREA 



8.1 Scope of Chapter 

Reference was made in 6.6 to the ‘deficiency zone’, which is shown 
coloured pink in Map 7 . The boundary we have chosen is somewhat arbitrary 
but is intended to define a zone characterised by fairly concentrated demands 
which will have to be met at least in part by substantial imports, primarily 
from adjoining parts of the Welland and Nene, Thames and Great Ouse areas. 

This chapter is concerned with the resources balance of the deficiency zone 
and these adjoining areas. This combined area, which we refer to subse- 
quently as the ‘central area’, is shown within a black stippled edging in 
Map 7. We would point out that we have defined a deficiency zone simply as a 
convenient concept for the analysis of ne'eds and the comparison of sources: 
for instance, it should not be regarded as having exact planning implications. 

The requirements of the deficiency zone, which includes many of the 
important growth areas in south east England, virtually define the regional 
water problem, and it is essential to consider these requirements in 
relation to possible surpluses elsewhere and to compare the costs of imports 
from various sources into the several sections of the zone indicated in 
Map 7. The scope for a very large new regional source - such as a freshwater 
reservoir in the Wash - would also be determined by the estimated require- 
ments of this zone. 



We would emphasise that for the purpose of this chapter - as for the 
relevant parts of Chapter 7 - we have selected notional delivery points for 
bulk supplies and assigned certain supplies to particular statutory water 
undertakings and areas merely to simplify the analysis of the region as a whol 
and to point the way to correct decisions about the development of regional 
resources. It is not our intention to imply that sources should be allocated 
to those particular undertakings or that bulk distribution should be engineere 
along particular lines unless more detailed surveys support such conclusions. 

Table G shows the overall deficiencies which are likely to obtain in 
the Sections of the deficiency zone defined in Map 7: i.e. the supplies which 
will be required over and above those which will be available from resources 
now authorised. The tabulated figures include the relevant industrial 
deficiencies in each Section and the agricultural deficiencies in the 
Upper Lee, South Essex and North Essex Sections; for convenience all the 
industrial deficiencies in the Thames Conservancy area have been included in 
the Bucks, Colne (Thames) and London Sections. 
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TABLE G 



ESTIMATED ADDITIONAL QUANTITIES OF WATER REQUIRED 
IN THE VARIOUS SECTIONS OF THE DEFICIENCY ZONE 
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In comparing the estimated additional quantities of water required to be 
brought into supply in the deficiency zone with overall resources it should be 
borne in mind that a part of the amounts to be distributed in the Bucks and 
Colne (Thames) Sections will return to the Thames above Teddington Weir to 
augment the resources available to the London Section. By deducting these 
amounts (Table H line 2) from the deficiency zone's total requirements 
(line 1) the net requirements of that zone become apparent (line 3). By 
adding the deficiencies of those parts of the Great Ouse and Welland and Nene 
areas outside the deficiency zone (line 4) to the net requirements of the 
deficiency zone we obtain the overall net deficiencies of the central area 
(line 5). Deficiencies in the Upper Thames area do not affect these net 
deficiencies since we have assumed that all the water used there will be 
re-used in the deficiency zone. 



TABLE H 

NET RESOURCES REQUIRED IN CENTRAL AREA 



to nearest 5 m. g. d. 







1971 


1981 


2001 


1 


Required additions to supply in 
deficiency zone 

(area shown coloured pink in Map 7) 
(totals of Table G) 


80 


250 


600 


2 


Deduct re-use of water ex Bucks and 
Colne (Thames) Sections 


- 10 


- 20 


- 50 


3 


Net new requirement in deficiency 
zone 


70 


230 


550 


4 


Add other deficiencies in Great Ouse 
and Welland and Nene areas (area 
shown with black stippled edging 
and north of area shown coloured 
pink in Map 7) 


+ 15 


+ 40 


+100 


5 


Net central area deficiencies 


85 


270 


650 



These net central area deficiencies must be met by major new resources 
and they are compared with the available resources in 8.3 below. It is also 
of interest to assess the total amounts to be added to present supplies in 
the central area, for comparison (8.4 below) with the estimated cost of the 
works to be carried out. To calculate these amounts we must add to the 
required major resources (Table H, line 5) the amounts which will be obtained 
by re-use of water in the Thames and Great Ouse areas, the yield of authorised 
works which have not yet been completed and the net yield of certain local 
sources which remain to be developed in the central area. These additions 
bring the total expected increases in supplies within the central area to 
about : - 



250 m. g. d. in 1971 
500 m.g.d. in 1981 
1,000 m.g.d. in 2001 

These figures 
require either new 
exclude irrigation 
Essex areas. 



exclude the re-use of water by industry which does not 
source works or public delivery works and they also 
supplies, apart from the required imports to the Lee and 
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8.2 



Costs of Imports 



We have tried to determine the comparative unit costs of water delivered 
from various alternative sources into the several Sections of the deficiency 
zone listed in Table G. We must emphasise that in the absence of dependable 
yield studies for many of the schemes referred to at (a) to (k) below and in 
advance of field investigation and preliminary design for nearly all of them 
these estimated unit costs can only be tentative. However, they suffice to 
indicate that most of these schemes could provide water for supply in the 
deficiency zone at costs which would bear comparison with those of major 
increments of supply recently provided or authorised in the zone and probably 
well below those which would obtain if supplies were sought from radically 
new sources - major barrage schemes, desalination plants, imports by canal or 
aqueduct from the north or west of England. They also help to indicate, so 
far as cost is a criterion, which sources can best serve each Section and the 
preferable order of development. 

All the unit costs given in Table J are in pence per thousand gallons of 
treated water delivered to service reservoirs at a representative delivery 
point in each Section of the deficiency zone and at the elevations listed in 
Table G. The costs include capital charges and running costs but exclude the 
effects of local authority rates. They would apply if each scheme were deve- 
loped separately to its full capacity or to meet the maximum requirement 
listed in Table G for the Sections to be supplied from the scheme (whichever 
is the less); they would not necessarily apply if a scheme were superimposed 
on other listed schemes which had been developed previously. 



The supplies considered are as follows: - 

(a) Surplus Great Ouse run-off delivered by pipeline and river to share 

existing storage in Essex (i.e. Abberton and Hanningfield Reservoirs) 
and delivered by tunnel from Brownshill Staunch to Diddington 
Reservoir . 



(b) Water from ground-water storage in the Thames Basin (cost in River 
Thames assumed to be 3d per thousand gallons as assessed by the 
Thames Conservancy). 



(c) Water from ground-water storage (low level) in the Great Ouse Basin. 



(d) Nene/Welland water from pumped storage reservoirs. 



(e) Great Ouse water from an appropriate pumped storage reservoir. 

(f) Thames water from pumped storage reservoirs in Buckinghamshire. 

(g) Thames/Lee water from pumped storage reservoir at Cobbins Brook. 

(h) Thames water sustained by pumped storage regulating reservoirs in 
the Thames Basin. 

( j ) Water from ground-water storage in Avon & Dorset and/or Hampshire 
areas delivered via the Thames. 

(k) River Severn water at an assumed conservation charge of 3d per 
thousand gallons in the Severn pumped via a tunnel into the head- 
waters of the River Thames to augment flows when required. 
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TABLE J 



APPROXIMATE COMPARATIVE UNIT COSTS OF TREATED WATER 
(PENCE PER THOUSAND GALLONS) 



Scheme 


Source 

catchment 


Type of 
storage 


Delivered to notional distribution 
point In Section:- 


Northampton 


1 


j 


London 


Upper Lee 


4 


1 


(See Map 7) 


(») 


Great Ouse 


existing 

pumped 

storage 

reservoirs 


32^) 


M<>) 






32O) 


33(H) 


2s(**0 


(b) 


Thames 


' ground 




26 


24 


22 


28 


29 


36 


M 


Great Ouse 












36 


34 


34 


(d) 


Nene/Welland 


pumped 

storage 


27 














(•) 


Great Ouse 


32( ,v ) 


35^ v ^ 






(lv)or 

35(vlj 


>0 


31 (vl) 


(0 


Thames 


supply 




3n( v l 1 ) 












(g) 


Thames/Lee 










3 „(vlll) 


35MH) 


3^( vl II ) 




(h) 


Thames 


pumped 

storage 

regulating 

reservoirs 




36 


35 


33 


39 


39 


46 


o) 


Avon/Test 


ground 

water 




37 


36 


34 


40 


40 


47 


00 


Severn 


Impounding 

regulating 

reservoirs 




37 


36 


34 


40 


40 


47 



(i) via Diddlntton Reservoir ( r ) via Whitchurch Reservoir 

(ii) via Han ningfield Reservoir ( Y i) ria Great Bradley Reeervolr 

(Hi) via Abberton Raaervoir (vii) via Waddeedon Reservoir 



(iv) via Abbotaley Reeervolr 



(vili) via Cobbins Brook Reservoir 



NOTE: These are minimum unit coats 

increase those unit costs. 



the order of development will reduce some yields and so 



8.3 Deployment of Available Surplus: 

Of the major storage schemes under consideration to meet the deficiencies 
listed in Table G the proposals for exploitation of ground-water storage 
appear to be the most attractive on general grounds and in the light of the 
costs tabulated in Table J. We would point out that, unlike surface storage 
schemes in the area, the Great Ouse ground-water scheme 8.2 (c), would provide 
a sustained flow of 70 m.g.d. at Denver Sluice in addition to providing the 
amounts to supply listed in Appendix IV. We consider that surplus ground 
water from either the Thames or the Great Ouse areas could be supplied at 
reasonable cost in Essex and Hertfordshire, the economic line of demarcation 
between them running somewhere through mid-Essex. 
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Table K shows the resources which might be made available within the 
central area to meet the deficiencies listed in line 5 of Table H. 

The yields given in this table for the Great Ouse ground water schemes 
exceed the net or ‘export’ yields listed in Appendix IV by the estimated 
requirements in the catchment of the Ely Ouse, because it is assumed that such 
requirements will be met en route out of the additional water provided to 
sustain a flow of at least 70 m.g.d. at Denver Sluice. 



TABLE K 



m.g.d. 





1971 


1981 


2001 


REQUIRED RESOURCES (Table H: Line 5) 


85 


270 


650 


AVAILABLE RESOURCES:- 










Type of source 


Catchment 


(i) 






Transfer of authorised surplus) 


Great Ouse 


’fm 






] 


Thames 


10 






Abstraction to existing storage 


Great Ouse 


(Mi) 

37 


(ill) 

37 




Ground water ) 




(iv) 

30 






1 




(v) 


(vi) 




Great Ouse 


- 


90 


155 


Pumped Storage (Direct Supply)) 


Nene/WeHand 




(vii) 

20 


5 ?viii) 

5 ?ix) 




Thames 






| 


Great Ouse 






60 

(x) 

40 


I 


Thames/Lee 






Pumped Storage (Regulating) 


Thames 






(xi) 

60 


APPROXIMATE TOTAL AVAILABLE 




90 


270 


615 



(i) Great Ouse Water Authority ( Diddingto n Reservoir) 

(ii) Oxford C.B.C. (Farmoor) etc. ( Alternatively reduce statutory minimum flow over Teddington 
Weir) 



( Hi) Gre-at Ouse schemes 13 and IS 

(iv) Thames Scheme 17 (Failing this supply reduce statutory minimum flow over Teddington wairl 

f v) Great Ouse scheme lga including 10 m.g.d. supplied in Ely Ouse catchment 

(vi) Great Ouse scheme 18a, plus 18b or 16, including 30 m.g.d. supplied in Ely Ouse catchment 

(vii) One surface storage scheme required 
( viii ) Assumed yield of Thames scheme 16 when superimposed on Thames scheme 17 

( ix) Great Ouse schemes 14 and 17 

( x) Assumed yield of Lee scheme 2 when superimposed on Thames 17 and 16 

(xi) Assumed yield of Thames scheme 18 when superimposed on Thames 17 and 16 and Lee 2 



1971: It is evident that if works necessary for the full utilisation of the 

potential of Diddington Reservoir (including the proposed new intake 
at Brownshill Staunch) together with the delivery of Great Ouse water 
into rivers in the Essex area were to be completed in time these would 
suffice to meet the needs of the Bucks and North and South Essex 
Sections, provided that the Metropolitan Water Board were able to 
supply 20 m.g.d. to the South Essex Waterworks Company. 

Distribution of Diddington water to consumers in the Bucks Section 
will require the completion of a link main from Ampthill Reservoir to 
(say) Bletchley Reservoir. Completion of the link from Sundon Reser- 
voir to the Lee Valley Water Company (with supplementary boosting if 
necessary) would enable that Company to take 5-10 m.g.d. more 
Diddington water than is now authorised. 
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The available yields in the Thames area need to be augmented and 
this could be done by one or more of the measures mentioned in 7.6; 
however, it may be necessary in the event of a severe drought to make 
an arrangement equivalent in effect to the present statutory provisions 
for reducing the minimum flow of 170 m.g.d. over Teddington Weir. 

The effective application of the increased yields available in 
Essex would depend on suitable connections from Abberton and 
Hanningfield Reservoirs. 



It may be possible to design and complete certain storage schemes 
in Suffolk and Essex by 1971 in lieu of, or in addition to, the supply 
of Great Ouse water to those areas. It appears to us that a local 
scheme (such as the Washbrook Reservoir, East Suffolk and Norfolk 
scheme 7,) for supplying the Ipswich area would be more economic than 
a supply from Abberton Reservoir. In Essex, on the other hand, the 
provision of Great Ouse water (winter pumping) in order to meet re- 
quirements five or six years hence seems to be an appropriate first 
step towards a long-term regional pattern, reliance being placed mean- 
while on assistance from the Metropolitan Water Board. This conclu- 
sion, however, is not intended to prejudice local applications to de- 
velop further storage schemes in Essex where these can be shown to be 
more economic or more convenient in operation than the importation of 
Great Ouse water and/or reliance on supplies from the Metropolitan 
Water Board. Such schemes, if sound in themselves, would not come 
amiss in view of long-term requirements, and investigations into cer- 
tain of these schemes are proceeding. 



In the years after 1971 we hope that an increasing supply will be 
obtained from the Thames and Great Ouse ground water schemes. The 
successful development of these schemes to give the yields listed in 
Table K cannot be taken for granted, however, and failing these sup- 
plies alternative sources will have to be available in the early 1970' s. 
The only suitable source(s) would be one or more of the pumped storage 
reservoir schemes and construction would have to commence about four 
years before the required date of completion. 



It may, therefore, be necessary to embark on one or more of these 
reservoirs by, say, 1968 if development work on the ground-water 
schemes is not showing promise by that date. 

1 ^ 81: We have assumed that controlled ground-water abstraction schemes can be 

developed to more than a half of the estimated ultimate yield in the 
Thames area and to the full yield (without recharge) in the Great Ouse 
area by 1981. If developed at this rate they would make good most of 
the outstanding deficiency at that date and completion of one major 
storage scheme would cover the balance. 



In view of the deficiencies in the Northampton Section the 
Empingham/Manton pumped storage scheme appears to be the most suitable 
for development at this stage; this would also enable the Great Ouse 
Water Authority to continue to supply an extra 10-15 m.g.d. to the 
Lee Valley Water Company as well as meeting increased demands in 
Bedfordshire and Huntingdonshire. 

It is evident that construction of the mains network illustrated 
in Map 7, if it included a tunnel or lifting stations along the Old 
West River from the Ely Ouse to Brownshill Staunch, would complete a 
double circuit of conduits linking the Rivers Thames and Great Ouse 
and that available yields from conservation works on these rivers 
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could be disposed around this circuit in a 
be premature to take firm decisions now on 
of the circuit or the allocation of supplie 
water undertakings and any assumptions we h 
be subject to review in the light of progre 
schemes, site investigations for reservoirs 
ments and more exact estimates of cost. 



variety of ways. It would 
the capacity of each link 
s to particular areas or 
ave made will necessarily 
ss with the ground-water 
, future population move- 



However, it seems likely that from the mid-1970’s it will be 
expedient to meet the whole of the Bucks Section deficiency with 
water from the Thames (regulated by the controlled ground-water 
abstraction scheme) via a pipeline from the Henley /Medmenh am area and 
to use any remaining Thames surplus (possibly 30 m.g.d. in 1981) m 
the South Essex Section (via the existing tunnel) and in the Lee 
Section (Lee Valley Water Company) via connections from the proposed 
Colne Valley main to Harefield and Arkley Reservoirs. 

If, on the other hand, the controlled ground-water abstraction 
schemes were developed less rapidly than we have assumed, it might 
prove necessary to proceed with a further storage scheme (e.g. Great 
Bradley or a reservoir in the Bucks Section fed from the Thames) or to 
expedite completion of the Empingham/Manton scheme and to terminate 
the supply from Diddington to the Northampton Section. 

The available yield of the Great Ouse ground-water scheme would 
cover requirements in the Ely Ouse, Tidal Ouse and Wisbech areas, and 
the surplus, together with water pumped from the Ely Ouse into the 
Essex rivers, (in total about 80 m.g.d.) would be applied against the 
deficiency in the North Essex Section and any remaining deficiency in 
the South Essex and Upper Lee Sections. 



2001: It is evident that the possible yields listed in Table K do not meet 

the estimated regional deficiency in 2001. The suggested yield of 
150 m.g.d. obtained by developing all the listed surface storage 
schemes for Thames water after obtaining 200 m.g.d. from the Thames 
controlled ground-water abstraction scheme, is little more than a 
speculation in so far as no study has been made of the hydrology of 
such a combination of schemes. However, even if a somewhat higher 
combined yield were attainable it would almost certainly prove 
uneconomic to impose such a succession of schemes on the River Thames. 

Apart from the Wash Barrage scheme, only one of the regional 
sources discussed in Chapter 7 shows any promise of balancing the 
regional account: that is, the exploitation of ground water in areas 

south of the Thames (especially Avon & Dorset) in order to supplement 
flows in the Thames. In terms of unit cost of water there is little 
to choose, on present estimates, between the Avon & Dorset development, 
the development of a certain amount of pumped storage regulation in 
the Thames basin and the import of water from the Severn catchment, 
and further study must be made of each of these proposals. We have 
no reason to doubt, however, that the deficiencies can be made good by 
one or more of these means. If the development of regulating 
reservoirs on the Thames were discounted as uneconomic an import of 
about 95 m.g.d. from areas south of the Thames or from the River 
Severn would ^be needed to balance the account. 

If opportunities for ground and surface storage of water within 
the region are to be exploited to economic limits, a possible dispo- 
sition of resources in the year 2001 might therefore be as shown in 
Table L. 



(69439) 
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TABLE L 



POSSIBLE DISPOSITION OF MAJOR NEW RESOURCES IN CENTRAL AREA IN 2001 



Distribution 

Section 


Item 


Gain 

m.g.d. 


m.g.d. 


New 


Transfer 


Net 


tn 


Out 




NORTHAMPTON 


1. Transfer from Empingham/Manton Reservoirs (Welland and 

Nene Area) 

2. Transfer from Great Ouse (excluding 12 m.g. d. now 

authori sed) 

3- New requirement in Northampton Section 




50 

10 




60 


BUCKS 


1. Waddesdon Reservoir (Thames) 

2. Whitchurch Reservoir (Great Ouse) 

3. Transfer from remainder of Thames area 

4. Net new requirement in Section 

5. Effluent return to Thames 

6. Transfer to Great Ouse 


50 

30 


20 


20 

20 


60 


COLNE 

(THAMES) 


1. Transfer from remainder of Thames area 

2. Net new requirement in Section 

3. Effluent return to Thames 




75 


30 


45 


LON DON 


1. Transfer from Themes area 

2. Transfer from Upper Lee (Cobbins Brook Reservoir) 

3. New requirement in Section 




125 

15 




140 


UPPER LEE 


1. Cobbins Brook Reservoir 

2. Transfer to London Section 

3. Transfer from Colne (Thames) Section 

4. Transfer from Great Ouse 

5. New requirement in Section 


40 


15 

30 


15 


70 


SOUTH ESSEX 


1. Transfer from Thames (via new tunnel) 

2. New requirement in Section 




110 




110 


NORTH ESSEX 


1. Transfer from Great Ouse 

2. New requirement in Section 




65 




65 


REMAINDER OF 
THAMES AREA 


1. Yield of ground-water development in Chalk and Oolite 

2. Transfer from Avon or Test or import from Severn 

3. Net new requirement in area (gross 185 m.g.d.) 

4. Transfer to Bucks Section 

5. Transfer to Colne (Thames) and Upper Lee Sections 

6. Effluent return from Bucks and Colne (Thames) Sections 

7. Transfer to London Section 

8. Transfer to South Essex Section (including 20 m.g.d. now 

authori sed) 


200 

95 


50 


20 

90 

125 

110 


NIL 


REMAINDER OF 
GREAT OUSE 
AND 

WELLAND AND 
NENE AREAS 


1. Yield of ground-water development in chalk area 

(including recharge of direct run-off or storage in 
Great Bradley Reservoir) 

2. Abbotsley Reservoir (Great Ouse) 

3. Empingham/Manton pumped storage reservoirs 

4. Transfer from Bucks Section 

5. Requirement In area 

6. Transfer to Northampton Section (excluding 12 m.g.d. 

now authorised) 

7. Transfer to North Essex Section 

8. Transfer to Upper Lee Section 


155 

30 

50 


20 


60 

65 

30 


100 


TOTALS: 




650 






650 



In presenting Table L we would stress the point made on page 53 i.e. that 
this simplified balance sheet is not intended to be a blueprint of the actual 
pattern of water distribution thirty-five years hence and cannot be used to 
measure the utility of local pipelines or other engineering works which are 
planned for execution during the next few years. (see 8.6 ‘Delivery Network’). 
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The transfer proposals outlined above for 1971, 1981 and 2001 are illus- 
trated diagrammatically in Figs. I, II and III. 

8.4 Capital Expenditure 

The dates by which completion of schemes might be required on the pro- 
gramme we have outlined above are indicated in Fig. IV. The choice of schemes 
is to some extent arbitrary and in particular we have not been able to compare 
the relative merits of further surface storage in the Thames Valley with the 
storage of Thames water in the Lee Valley (Cobbins Brook Reservoir). 

Table M lists future works required in the central area, together with 
estimates of their cost, the accumulated total cost to the year 2001 and, 
taking into account the dates by which each scheme may be required, the 
present value of the estimated future expenditures (assuming 6 l A per cent, 
interest ) . 

We would stress that the sequence of development may be falsified by 
events but even so the suggested overall expenditure and equivalent present 
value are likely to be of the right order if the estimated demands materialise. 

Table M shows that the total cost of further conservation and delivery 
works proposed for the central area to the year 2001 is estimated at about 
£310 million with a present value of about £140 million (both at 1966 prices). 
These amounts do not include contingent capital outlay, such as that for power 
production for pumping. 

Over the remainder of the region, further expenditure on a variety of 
local and area schemes will be required. We estimate they will cost, in 
total, about £100 million. In addition, expenditure on local distribution 
works will be incurred throughout the region, bringing the estimated total 
outlay for all water supply works (excluding farm storage and other works on 
private premises) in the region to about £750 million during the remainder of 
this century. 

8.5 Comparison with Wash Barrage 

The deficiency for the central area shown in line 5 of Table H for the 
year 2001 is comparable with the yield estimated for the Wash barrage scheme 
outlined in the Report on the Water Resources of the Great Ouse Basin. How- 
ever, since that scheme could not be completed until the early 1980’ s it 
would first be necessary to complete a variety of other schemes including a 
substantial development of the Thames and Great Ouse ground-water schemes and 
one of the major pumped storage schemes referred to in Table K. We have 
assumed that the pre-1981 costs indicated in Table M would therefore be 
incurred before a Wash reservoir could come into operation. 

The Report on the Water Resources of the Great Ouse Basin referred to a 
Vash barrage scheme which could provide about 620 m.g.d. of water, treated 
»nd delivered to points lifty miles from the Wash and at an elevation 400 ft. 
xbove O.D. , for a capital outlay of £287 millions. This supply, which would 
xe available for ‘export’ from the Wash catchments, would be additional to 
any quantity recirculated by normal use within those catchments. 

The increment of demand within the Wash catchments amounts to about 
130 m.g.d.* between 1981 and 2001, of which some 50 m.g.d. has been estimated 
as net industrial use, the remaining 80 m.g.d. being returned to storage in 



Table O (page 54): Northampton Section plus 

Table G (page 54): Bucks Section (Great Ouse area) pit 

Table H (page 55): line 4. 
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the barrage. This re-circulating quantity would evidently be added to the 
net yield of 620 m.g.d. to provide for a total use of about 700 m.g.d. if 
this Wash scheme were to be constructed to meet requirements materialising 
between 1981 and 2001. 

The first stage development of the barrage scheme outlined in that Report 
would give an ‘export’ yield from the Wash catchments of about 400 m.g.d. and 
taking into account this ‘recirculation’ it would provide about 480 m.g.d. 

The disposition of resources outlined in the earlier part of this chapter 
(e.g. Table L) depends upon 100 per cent re-use (i.e. one further use) of the 

water provided to meet public water supply deficiencies in the Thames Basin 

upstream of Teddington Weir (185 m.g.d. in 2001). Under these circumstances 
the increment of net deficiency to be met between 1981 and 2001 is estimated 
at 380 m.g.d. (Table H line 5). Provided that 125 m.g.d. is obtained from 
the Thames controlled ground water abstraction scheme, this pattern of re-use 
could be reproduced in 2001 by supplying all post-1981 deficiencies in the 

Bucks Section directly from the Wash and in addition by discharging 40 m.g.d. 

of water from the Wash into the River Thames for the benefit of the Thames 
and its dependent areas (Colne (Thames) and London Sections). The remainder 
of the central area would be supplied direct from the Wash. This pattern of 
supply, which is illustrated in Fig. V, calls for the same increase in 
resources (380 m.g.d.) as that indicated in Table H, line 5 and in Table L. 

Even without taking into account the possibilities of regulating the 
Thames and other rivers by means of the storage provided in the Wash, it is 
probable that the first stage Wash development would exceed requirements in 
2001. This factor hinders any direct comparison between that proposal and 
those pertaining to conventional sources. The further possibilities of the 
fully developed Wash scheme, including its use for regulation of the River 
Thames, etc. and possibly a supplementary input of water to the Wash from the 
Trent are obviously very great indeed - probably exceeding a yield of 
1000 m.g.d. 

We have nevertheless attempted a comparison between the series of con- 
ventional schemes and a Wash project having a comparable ‘export’ yield of 
300 m.g.d. (380 m.g.d. effective yield including internal recirculation) 
using the cost data given for the barrage in the Report of the Water Resources 
of the Great Ouse Basin. 

From data given in that Report we have assessed the headworks cost of a 
barrage scheme to provide a reliable ‘export’ yield of 400 m.g.d. at 
£134 million. We have assumed that, following the development of 80 m.g.d. 
of ground-water export from the Ely Ouse catchment and of local storage for 
irrigation in the barrage catchment, such a scheme would, in fact, yield only 
300 m.g.d. for export and 380 m.g.d. altogether in 2001. Treatment works 
with a capacity of 450 m.g.d. for an output of 380 m.g.d. would cost about 
£26 million and pumps and pumping stations a further £10 million giving a 
total capital expenditure of £170 million excluding trunk mains and service 
reservoirs. We consider that one or more of the existing fenland channels 
(the New Bedford River, the Ely Ouse or the Cut-off Channel) could be adapted 
to convey water from the Wash Barrage to the intake points near Brownshill 
Staunch and Ely referred to in connection with conventional schemes. If this 
were done, the trunk mains and service reservoirs required to effect the dis- 
tribution shown in Fig. V, and to reach the notional delivery points and 
elevations used previously for Tables G and J, are estimated to cost 
£74 million over and above the cost of the trunk mains and service reservoirs 
to be provided before 1981. Thus the total capital expenditure required 
after 1981 would be about £244 million. 
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The dates by which the completion of the works required between the pre- 
sent day and 2001, incorporating a Wash barrage project to meet post-1981 
deficiencies, are shown in Fig. VI and the estimated costs and present values 
of those works are given in Table N. This may be compared with Table M which 
related to the alternative series of inland schemes. 

The total cost during this century, if needs after 1981 are to be met 
from a Wash barrage is estimated to exceed that from the alternative series 
of inland schemes by about £90 million, i.e. by about 30 per cent. However, 
because the Wash barrage would involve very heavy capital outlay concentrated 
into a single decade before yielding any supplies, the corresponding present 
value in Table N exceeds that in Table M by about £70 million or just over 
50 per cent. 

These comparisons show a substantial financial advantage for the more 
conventional types of scheme. It should also be remembered that the operat- 
ing costs of the barrage scheme are likely to be rather higher than those for 
inland conservation works and the quality of the water somewhat inferior; the 
greater hazards of barrage construction and the consequent uncertainty of 
estimates should also be borne in mind. 

On the other hand, we have taken no cognizance of the other benefits 
accruing from the barrage proposal - e.g. in communications, land reclamation, 
coast protection, reduction of expenditure on land drainage and tidal out- 
falls, etc. - and by taking no account of the possibilities of river regula- 
tion by water from the barrage we have greatly understated its possible 
yield. 

Because of this, and because the successful development of most or all 
of the inland schemes considered suitable for development cannot be taken for 
granted, we consider that a feasibility study and cost/benefit investiga- 
tion of the Wash barrage should be undertaken. On completion of the study 
fuller information about the proposed inland schemes should also be available 
and a rigorous comparison of costs and benefits should then be undertaken. 

We consider it vital, however, that a study of the possibilities of 
storage in the Wash should not be made a pretext for delay in the investiga- 
tion of the various inland schemes - both surface and underground - and in 
the development of those schemes which will be needed to meet demands during 
the next fifteen or twenty years. 

8.6 Delivery Network 

The pattern of regional water supply which has been discussed in this 
chapter would require the development of a network of aqueducts and regulated 
reaches of rivers on the lines illustrated in Map 7 and Figs. I, II and III. 

It also presupposes the availability of this network for routing supplies in 
various directions from time to time in order to make the most effective use of 
the source works developed at the time. 

Whilst a network of the kind illustrated would clearly lend itself to a 
regional solution of the water problem - and is indeed essential to any such 
solution - it is not to be supposed that the individual elements of the net- 
work can be decided upon or sized at this date to match some particular 
pattern of distribution (such as that shown in Table L) which might obtain at 
the end of the century. However, regard should be had to the longer term 
shaping of the system, from time to time, as works are added to meet more 
immediate needs. 

Although long-distance routing of water necessarily increases the cost 
of the supply to most users such a network has certain compensating advantages 
in that any single source works can be utilised fully soon after completion 
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and, because of the variation in rainfall throughout the region, the reliable 
yield of the combined sources will exceed somewhat the sum o"f their individual 
reliable yields. These advantages accrue provided that the delivery network 
can be used flexibly as ci rcumstances require. 

The network - of which a considerable part already exists or is under 
construction - is likely to be situated within the areas of five or six river 
authorities and about a dozen major water supply undertakings. The links 
shown in the diagrams may well be substantially complete within a decade or 
so and during that time consideration should be given to the means whereby 
co-ordinated control of the network may be achieved. 

In bulking together the deficiencies of different users in each part of 
the region we have neglected the conflict which might arise between the 
demand for untreated supplies - especially for power stations and irrigation - 
and for treated supplies. Much of the network might contain untreated water, 
or water which has had only sufficient treatment to limit maintenance costs 
on the pipelines, but certain parts of the network are already being used to 
convey treated water. Fig. VII indicates those links which are likely to 
form a treated water system and those - including the principal river links - 
which will contain untreated water. 

In estimating the costs of the works required throughout the region, 
allowance has been made for treatment of all supplies to potable standard. 

After allowing for pre-treatment of piped raw water and perhaps for duplicate 
delivery lines at certain places an appreciable saving on the estimated 
treatment works costs may therefore be possible. 

The treated water portion of the ‘ring main' is likely to comprise 
essentially the delivery mains of the Great Ouse Water Authority and of the 
Colne Valley, Lee Valley and Rickmansworth and Uxbridge Valley Water Companies. 
Some of these are now being designed or constructed and subsequently dupli- 
cate links will have to be added; in some instances only an acceleration of 
existing plans for duplication will be required. A new link, designed for 
flows in either direction, will be required between Ampthill Reservoir and 
Buckinghamshire, probably with a capacity of 10-12 m.g.d. initially and sub- 
sequently with twice that capacity. Alternatively instead of increasing the 
capacity of this link, a direct raw water link could be completed between the 
Bucks and Northampton sections (making use of any raw water intake main from 
the Great Ouse to the Bucks reservoirs) and deliveries between these areas 
and the Great Ouse area (Fig. Ill) would be rerouted accordingly. These 
alternatives will require detailed examination in the light of reservoir site 
investigations and local development of demand. 

The proposed intake tunnel from Brownshill Staunch to Diddington/ 

Abbotsley Reservoirs will probably suffice for needs until the year 2001. 

Intake pipelines from the Ely Ouse to the head of the Stour and corresponding 
intake capacity to Abberton and Hanningfield Reservoirs will have to be of 
large capacity initially to carry intermittent input and may well be suitable, 
with little modification, for the heavy continuous flows of later years. 

One of the most important links in the network will be that from the 
River Thames at Hampton to the Lee Valley near Lockwood and perhaps thence to 
Hanningfield Reservoir. The existing tunnel of the Metropolitan Water Board 
will probably suffice for this purpose until about 1981; after that date, 
however, a second tunnel will probably be required especially if large inter- 
mittent inputs have to be conveyed to Cobbins Brook Reservoir. 
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8.7 Siting of Power Stations on Aqueducts 



The allowances made in Table C (Chapter 4) would cover evaporation losses 
for about six power stations of 2000 MW capacity (with recirculatory cooling) 
in 1981 and the equivalent of fourteen such stations in 2001. We are advised 
by representatives of the Central Electricity Generating Board that this 
capacity will have to be sited inland, in addition to other stations on the 
coast and estuaries, and that it would be beneficial if some of it could be 
located close to the heavy demands of the London Basin and the areas immedi- 
ately north and west of London. It might be economic for them to take water 
from aqueducts at points some distance from the source. 

The peak water abstraction of a 2000 MW station could be about 30 m.g.d., 
of which half would be returned. The effluent would have increased dissolved 
salts but would be thoroughly aerated. Consideration should, therefore, be 
given to the practicability of supplying one or more of the stations with 
water from that part of the delivery network provided for major raw water 
transfers or from major sewage outfalls. 
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9.1 Area of Study 



CHAPTER 9 . SUMMARY 



This study covers the areas of eight river authorities in south east 
England, and the areas of the London Excluded Area, the Thames Conservancy 
and the Lee Conservancy Catchment Board. The areas are: 

Welland and Nene 
Great Ouse 

East Suffolk and Norfolk 

Essex 

Lee 

Thames (including London Excluded Area) 

Kent 

Sussex 

Hampshire 

Avon and Dorset 

9.2 Population 

The population of the study area at various dates has been estimated as 
follows: - 



TABLE P 

ESTIMATED POPULATION 



millions 



1964 



19.1 



1971 



20.5 



1981 



22.3 



2001 



27.9 



9.3 Public Water Supply: Resources, Demands and Effective Deficiencies 

The authorised resources of the 131 statutory water undertakings in the 
study area, their estimated demands (for metered and unmetered supplies) at 
various dates and the effective deficiencies which will have to be met are 
given in Table Q. 

Two points deserve note:- 

(i) The demand figure given for the year 2001 is the lowest which is 

likely to apply at the date, unless the population forecasts prove 
to be radically wrong: the earlier demand figures are those for 
which we must make realistic provision in the next few years. 

(ii) The estimates of effective deficiencies take account, on the one 
hand, of the possibilities of successive re-use of water along 
certain rivers and, on the other hand, of the impossibility of 
transferring certain surpluses to other users; hence they do not 
equal the difference between expected demand and the authorised 
resources of 1,300 m.g.d. (see 2.6 on page 10). 
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TABLE Q 



AUTHORISED RESOURCES, DEMANDS AND EFFECTIVE DEFICIENCIES OF 
STATUTORY WATER UNDERTAKINGS 

to nearest 10 m.g.d. - annual average 





1964 


1971 


1981 




2001 




Demand 


Effective 

Deficiency 


Demand 


Effective 

Deficiency 


Demand 


Effective 

Deficiency 


Demand 


Effective 
Def i ci ency 


1,300 


1,020 


- 


1,250 


80 


1,580 


310 


2,220 


860 



9.4 Direct Industrial Demand 

In addition to the demands for public water supply we consider that 
allowance should be made for the net consumption (i.e. the abstraction of 
water not returned in a suitable place or condition to permit re-use) by 
direct industrial (private and public) users of the following amounts: - 

TABLE R 

ESTIMATED DIRECT INDUSTRIAL DEMAND 



to nearest 5 m.g.d. 



1965 


1965 


1971 


1981 


2001 


, rl| 




Net 




Net 


Increase over 


Net 


Increase over 


Use 


Use 


Use 


1965 


Use 


1965 


Use 




700 


165 


190 


25 


265 


100 


390 


225 



9.5 Spray Irrigation - Effective Demand 

The best estimate that we can make of the likely use of water for spray 
irrigation is shown in Table S. 



TABLE S 

EFFECTIVE DEMAND - SPRAY IRRIGATION 



million gallons 





1965 


1971 


1981 


2001 


Seasonal use in year of peak demand 


17,000 


23,000 


29,000 


35.000 


Average day in year of peak demand 


50 


60 


80 


100 


Peak dally use 


270 


370 


460 


560 



We consider that most of this demand will be met by the development of 
local farm storage or the use of ground water, a total of some 30,000 million 
gallons of storage being brought into use for this purpose by 2001, most of it 
being artificial storage above ground. 
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Excepting in the Essex and Lee areas, to which water will probably have 
to be imported for the irrigation of high value crops, we have assumed that 
the needs of spray irrigators will not materially affect the analysis of 
public water resources which has been made in this study. The needs of the 
Essex and Lee areas, assuming that water is imported uniformly throughout the 
year for storage locally, do not add significantly to the overall daily needs. 
Ihese needs are shown in Table T. 

9.6 Overall effective future deficiencies 

Table T shows the overall effective future deficiencies for the south 
east region, the quantities being derived from Tables Q and R. 



TABLE T 

OVERALL EFFECTIVE FUTURE DEFICIENCIES 



to nearest 100 m.g.d. 



1971 1981 



100 400 



2001 



1,100 



9.7 Potential Resources 

Particulars of some one hundred and thirty schemes for the development 
of new sources have been submitted to us and are shown in Appendix IV. It 
has not been possible to review these in detail. Some have been thoroughly 
studied by their sponsors; others have had very little study; but for each 
source listed there is a prima facie case for further investigation in the 
light of future demands and the outcome of other investigations. In our 
recommendations, we recommend some of these schemes for construction to meet 
imminent needs, others for immediate investigation and others for deferment. 

9.8 Division of Study Area 

In Chapter 7 we examined the individual balance of each river 
area. We have found it convenient to consider the following five 
separately from the remainder of the south east region: 

East Suffolk and Norfolk (excepting the Ipswich 
and south east Suffolk area), 

Kent (outside the limits of supply of the 
Metropolitan Water Board), 

Sussex, 

Hampshire, 

Avon & Dorset. 

These areas will be able to meet their needs from a variety of 
sources and, without seeking to anticipate the statutory surveys of 
river authorities under section 14 of the Water Resources Act 1963, 
tried to give some indication of the lines which future development 
take. 



internal 
these 
we have 
might 



authority 

areas 



The last three of the five areas may be able in due course to export 
water to other parts of the region but in each case major investigations would 
be required and we do not anticipate substantial transfers from these areas 
within the earlier part of the period studied. 
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9.9 Central Area 



In Chapter 8 we analysed the needs of the remainder of the^s 
the 'central area' - as a single regional problem. T 
is the 'deficiency tone', with heavy future needs end inadequate 
resources , stretching from Northamptonshire to the coast of Ease* 
resources to meet its needs may most readily be found in adj acen 
the Welland and Nene, Great Ouse and Thames areas. 



tudy area - 
this problem 
indigenous 
The 

parts of 



The new resources required to 
area (see Map 7) after allowing for 
use of water are shown in Table U. 



meet the net future demands of the central 
certain new local sources and for the re- 



TABLE U 

MAJOR NEW RESOURCES REQUIRED FOR CENTRAL AREA 



m. g. d. 



New Resources 



We have examined the possibility of meeting these needs ty developing a 
pattern of sources throughout the central area, principally schemes of con 
trolled ground-water development and pumped storage reservoirs and we have 
compared^the lihely costs of supplying various Sections of the deficiency one 
from a number of these sources. These sources appear to be capable of meeting 
most of the needs of the region during the remainder of the " n '“7 s ^°” d ^ sin 
that they are supplemented in the last decade by transfer from the Severn Basin 
and/or from 17 the Sussex, Hampshire and Avon and Dorset areas into the Fiver 
Thames . 



Prime facie this appears to us to be the most economic and beneficial . y 
of meeting the water needs of south east England and we have accordingly out 
lined a programme of integrated development of these sources. Priority is 
given, both on economic grounds and because of the frequent objections to the 
use of land for reservoirs, to the development of controlled ground-water 
abstraction. Much has to ba laarned about this, however, and we recommend 
appropriate programmes of investigation for these schemes as well as invest g 
tion of certain pumped storage sites. 



9.10 Wash Barrage 



We have outlined an alternative way of meeting estimated needs in the 
central area by substituting a Wash freshwater storage project for .11 bhe 
schemes which would otherwise come into operation after 1981. We a p 

the cost estimates for this scheme shown in the Report on the Water Resources 
of the Great Ouse Basin for purposes of comparison between the barrage scheme 
and inland schemes to supply the central area. It should be borne in mind 
howiver, that the smallest Wash scheme for which costs have been estimated 
would yield considerably more than is required for a direct comparison 
(especially if allowance is made for the possible use of the Wash storage to 
regulate the Thames and other rivers). Moreover, no allowance has be 
for other benefits of a Wash barrage. 



ade 



The capital cost of developing the necessary conservation works, treatment 
orks and principal delivery facilities to service storage centres in each . 
ection of the deficiency zone and the remainder of the central area has been 
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estimated and, to take account of the future incidence of capital outlays, the 
estimated costs have been converted to equivalent present values. Table V 
shows the estimates for the whole period to the year 2001. 



TABLE V 

ESTIMATED COSTS OF HEADWORKS AND BASIC DELIVERY NETWORK 
(CENTRAL AREA ANALYSIS) 



£ million 





Cap Ital 
outlay 


Preaent 
val ue 


(a) Combination of inland 


310 


140 


schemes 






(b) Pattern incorporating 


400 


210 


Wash project 







Clearly (a) is materially cheaper, especially when the early heavy 
incidence of cost on the barrage project is taken into account. Nevertheless 
we consider that the Wash project merits further investigation not only because 
of the uncertainties surrounding some inland schemes but also because demands 
at the end of the century may considerably exceed the estimates. 

9.11 Other unconventional sources 

We do not consider that other ways of meeting requirements would bear cost 
comparison with the proposals included in our recommendations although small 
desalination units to meet peak demands in some coastal localities might prove 
j ustif iable . 

9.12 Regional delivery network 

We would draw attention to the regional delivery network which will 
necessarily develop if our proposals are carried out and to the need' to prepare 
for the unified and flexible operation of this network if the full benefits of 
an integrated regional resources pattern are to be realised. 
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10.1 Introduction 



CHAPTER 10. RECOMMENDATIONS 



Our recommendations relate primarily to the central area of the region 
(incorporating the deficiency zone) which was reviewed in Chapter 8. These 
recommendations are listed in 10.2. 

Proposals for schemes in the remainder of the region are not dealt with 
m that Chapter but they are included under the respective river authority 
areas in Chapter 7. These schemes must be considered on their merits by the 
authorities concerned, but our recommendations in 10.3 indicate the principal 
means by which the demands outside the central area of the region could be 
met. 



Some general recommendations are made in 10.4. 

10.2 Central Area 
We recommend : - 
(i ) Works to be undertaken 

(a) the expansion to their full capacity of the works of the 
Great Ouse Water Authority at Diddington Reservoir should be 
put in hand at an early date and the proposal for the 
construction of a supplementary intake to that reservoir from 
the Great Ouse should be proceeded with urgently; 

(b) the scheme for pumping surplus water from the Great Ouse catch- 
ment into the headwaters of the River Stour and rivers in Essex 
should be investigated by the river authorities concerned and 
steps should be taken to put that scheme into effect at the 
earliest possible date and to provide appropriately increased 
intake capacities at Abberton and Hanningfield Reservoirs; 

(c) Datchet Reservoir should be constructed as soon as possible, as 
planned by the Metropolitan Water Board; 

(d) the construction of intake works near Sunnymeads on the River 
Thames and the necessary pipelines to help meet increased 
demands on the Colne Valley Water Company, Rickmansworth and 
Uxbridge Valley Water Company and the Lee Valley Water Company 
should proceed, notwithstanding that it may be necessary, if 

a severe drought should occur in the early 1970s, to reduce 
the flow over Teddington Weir below the statutory minimum of 
170 m.g.d. All possible steps should be taken, however, to 
minimise that risk; 

(e) the ground-water resources in the Peterborough area and adjoin- 
ing parts of the Lincolnshire River Authority area should be 
developed to keep pace with requirements in that locality; 

(f) certain local schemes will also have to be undertaken in Essex 
and East Suffolk which could help to relieve the short-term 
deficiencies of those areas. We consider that they should 
receive urgent investigation and consideration and that no 
obstacle should be put in the way of their development if a 
sound local case can be made for them. 
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(ii) Ground-water investigations 



(a) pilot work on the Thames Conservancy controlled ground-water 
scheme, for which some preparatory work has already been done, 
should be put in hand as a matter of urgency and completed as 
expeditiously as possible; 

(b) the Great Ouse River Authority should forthwith put in hand 
investigations (including a pilot scheme) on the controlled 
development of ground water in the Great Ouse Basin and 
prosecute the work in parallel with the Thames Conservancy s 
scheme; 

(c) the Water Resources Board and the' appropriate river authorities 
should study the possibilities of ground-water storage in other 
areas, such as the catchments of the Avon and Test, which may 
need to be utilised in the future for the assistance of the 
central area, but major pilot schemes in these areas can be 
deferred pending the results of the investigations in the 
Thames and Great Ouse areas. 



(iii) Site survey and exploration 

Topographic survey and site investigation should be put in hand at 
the reservoir sites detailed below so that calculation of storage 
potentials and of probable construction costs can be completed: 



(a) by the end of 1967 

Empingham 

Manton 

Waddesdon 

Whitchurch 

Great Bradley 

(b) by the end of 1969 

Abbotsley 

Cobbins Brook 

In addition, the following 
light of results obtained at the 

Bampton 

Enborne 

Otmoor 



Welland and Nene scheme 10 (Appendix 

Welland and Nene scheme 10 

Thames scheme 16 

(Great Ouse scheme 17 
(Thames scheme 16 

Great Ouse scheme 16 

Great Ouse scheme 14 
Lee scheme 2 

sites may require investigation in the 
sites listed at (a) and (b) above 

Thames scheme 18 

Thames scheme 18 

Thames scheme 18 



IV) 



Only preliminary hydrological investigations have been made in 
respect of the Bampton, Cobbins Brook, Enborne, Otmoor and Waddesdon 
sites and we anticipate that river authorities will carry out thorough 
hydrological studies of them, singly and in combination, when preparing 
the parts of their section 14 surveys which relate to the resources of 
their areas. 
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(iv ) Wash Barrage 



A feasibility investigation and cost/benefit study o;f the Wash 
Barrage project should be put in hand immediately so that consideration 
of the project can be included in a general review of regional storage 
schemes in the early 1970' s. 

10.3 Areas outside Central Area 

Generally, river authorities will develop local sources within their 
areas as described in Chapter 7. Investigation and study of appropriate 
schemes will have to be carried out well before the dates by which demands 
are likely to exceed authorised resources. In particular, we consider that: 

(i ) Remainder of Kent Area 

(a) the River Medway should be developed as the principal source 
for the western and northern parts of the area; 

(b) further investigation should be given to pumped storage/ 
regulating reservoir sites on the Rivers Rother and Stour; 

(c) local ground-water schemes can be developed to meet some 
demands in the eastern part of the area; 

(ii ) Hampshire Area 

The Itchen and Test catchments should be developed to meet demands 
in the Portsmouth/Southampton area by ground-water regulation of the 
rivers, pumped storage reservoirs, or a combination of the two; 

(iii) Remainder of East Suffolk and Norfolk Area 
Sussex Area 
Avon and Dorset Area 



The resources of these areas are ample for their foreseeable needs. 
Ground-water is likely to remain of primary importance in these areas and 
the possibilities of controlled use of underground storage should be 
borne in mind for future developments. Additional conventional develop- 
ment of ground-water use is likely to be acceptable in many localities, 
however, and there are also opportunities for pumped storage of surface 
run-off. 

10.4 General Recommendations 

(i) A study should be made of the problems involved in the successive 
re-use of water. 

(ii) A review should be made of the Metropolitan Water Board's powers of 
abstraction from the River Thames to clarify the position vis-a-vis other 
potential abstractors from that river, and the existing statutory requirements 
of flow at Teddington Weir. 

(iii) The Water Resources Board should make a detailed study of the 
problems which will arise in operating a regional delivery network (see 8.6) 
which would enable various combinations of source works to be exploited to 
the maximum general advantage. 
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(iv) The Water Resources Board and the appropriate river 
should give further study to the problems of supplementing the 
River Thames by the transfer of water from the River Severn. 



authorities 
flow of the 



(v) River authorities and statutory water undertakers should discuss 
with local planning authorities the possibility of reserving potential 
reservoir sites ^development plans; they should also co-operate n* • 
planning authorities at all planning stages of major storage schemes with 
vie. to developing reservoirs as recreational centres within the proposed 
country parks. 
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Appendix I 



Water Supplies in South East England - Demands and Defxciencies 
(Statutory Water Undertakings) 



SUMMARY TABLE. 

and 



Demands and effective deficiencies in each river authority 
sum of deficiencies to be met throughout the region 



River Authority Area 


Average Daily Demand - m. 


9- 


Effective Deficiencies 
on Authorised 
Resources - m.g.d. 


1964 


1971 


1981 


2001 


1971 


1981 


2001 




29 


41 


74 


119 


- 


30 


75 




49 


71 


107 


171 


15 




65 


East Suffolk & Norfolk 


31 


40 


56 


92 


" 








90 


121 


154 


222 


30 




150 


Lee 


125 


145 


170 


212 






85 


Total demands and deficiencies 


325 


420 


560 


815 


45 


170 


405 


(rounded to nearest 5 m.g.d.) 
















Thames & London Excluded Area 


460 


520 


615 


800 


10 


55 


185 


(rounded to nearest 5 m.g.d.) 


















86 


110 


141 


209 


5 


20 


85 




50 


61 


76 


105 








Hampshi re 


65 


90 


122 


194 








Avon A Dorset 


36 


47 


60 










Total demands and deficiencies 
(rounded to nearest 5 m.g.d.) 


235 


310 


400 


605 


20 


80 


270 


Grand Totals 

(rounded to nearest 10 m.g.d.) 


1,020 


1,250 


1,580 


2,220 


80 


310 


860 



tncies on authorised resources allow for available imports under existing 
where appropriate, for the re-use of sewage effluents. 

Thames deficiencies are based on the estimated demands of those undertakings producing 
effluent which is discharged to the river above Teddington Weir These deficiencies are 
larger than the corresponding ones of undertakings producing effluent which is discharged 
below the weir. By providing in full for the ' upstream ' def icier'- •»« 
the difference between the ‘upstream’ and ' downstream ’ deficienci 
35 m.g.d. in 1981 and 135 m.g.d. in 2001) would be made available 
total deficiencies given in the above table there 
from new conservation works by these amounts. 



exceed the n 



(i.e. 5 m.g.d. *111*1971 
j r export re-use. The 
timum totals required 
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Welland and Nene 



Appendix I 



TABLE I . Demands, resources, surpluses and deficiencies of statutory (I i ) 
water undertakings within Welland and Nene River Authority Area 



Ref. 

on 

Map 


Water Undertaking 


Average Daily Demand - 
m.g. 


Resour 

m.g. 


d. 


Apparent Overa 
Deficiencies (- 
Surpluses (+} 
Authorised Resou 
- m.g.d. 


11 

) or 






1964 


1971 


1981 


2001 


1964 


Autho- 

rised 


1971 


1981 


2001 


10 


Higham Ferrers s Rushden W.B. 


1.2 


1.4 


1.7 


2-6 


1.4 


1.4 


+ 


+■ _ 
0.3 


1.2 


8 


.Kesteven w.B. 


0.2 


0.3 


0.4 


0.5 


- 


_ 


0.3 


0.4 


0.5 


9 


Leicester c.B.C. 


0.8 


0.9 


1.4 


2.1 


0.7 


0.7 


0.2 


0.7 


1.4 


11 


Mid-Northamptonshire W.B. 


14.5 


22.0 


44.0 


70.0 


12.3 


12.3 


9.7 


31.7 


57.7 


16 


Nene 4 Ouse W.B. 


1.2 


1.4 


2.0 


3.0 


1.5 


1.9 


0.5 


0.1 


1.1 


2-7 


Peterborough B.C. (i) 


5.5 


7.8 


14.2 


24.2 


7.5 


8.5 


0.7 


5.7 


15.7 


1 


South Lincolnshire w.B. 


4.1 


5.4 


7.9 


11.8 


7.1 


7.1 


1.7 


0.8 


4.7 


23 


Wisbech & District w.B. 


1.6 


1.9 


2.8 


4.3 




- 


1.9 


2.8 


4.3 




Total 


29.1 


41.1 


74.4 


118.5 


30.5 


31.9 


2.9 

12.1 


42.5 


86.6 



NOTES : (i) Pet erborough B .C . figures include Old Fletton( 4) , Whitt lesey(3) , U.D.C.s and Norman Cross(S) , 
Peterborough(7 ) and Thorney(2) R.D.C.s. 



(ii) Corby W. Co. demands have been included in the table of industrial use as the demands relate 
solely to the Corby Works of Stewarts and Lloyds Ltd. 



TABLE II . Imports 





Average Daily 
Transfer - m.g. 


1971 


1981 


2001 


Kesteven W.B. from Lines area 


0.3 






Mid-Northamptonshire W.B. from Great Ouse area 


9.7 


12.0 


12.0 


Nene & Ouse W.B. from Great Ouse area 




0.1 




Wisbech & District W.B. from Great ouse area 


1.9 






Total transfers into area 


11.9 


12.1 


12.0 



TABLE III. Effective Deficiencies 





1971 


1981 


2001 


Effective deficiencies, by deduction of imports from deficiencies in Table 1 
(rounded to nearest 5 m.g.d.) 


0 


30 


75 



81 
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Appendix I 



Great Ouse 



TABI.Fi I. Demands, resources, surpluses and deficiencies of statutory 
water undertakings within Great Ouse River Authority Area 



Ref. 

Map 

2 




Average Daily Demand - 
m.g. 


Resources - 
m.g.d. 


Apparent Overall Defi 
or Surpluses (+) on 
Resources - m. 


iences {-) 
iuthorised 
.d. 




1964 


1971 


1981 2001 


1964 


Autho- 

rised 


1971 


1981 


2001 


12 

13 

17 
27 

18 

26 

25 

69 

70 

14 

11 

16 

15 
24 
22 

20 

21 

19 

23 


Buckingham B.C. 

Bucks W.B. 

Cambridge W. Co. 

Docking R.D.C. U) 

Ely, Mildenhall & 

Newnarket W.B. 

Freebridge Lynn R.D.C. 

Kings Lynn B.C. 

Lee Valley W. Co. 

Luton W. Co. 

Mid-Bedfordshire W.B. 

Mid-Northanptonshire W.B. 

Nene & Ouse W.B. 

North Bedfordshi re W.B. 
Swaffham U.D.C. 

Swaffhem R.D.C. 

Thetford B.C. 

Wayland R.D.C. , . 

West Suffolk W.B. (11) 

Wisbech & District W.B. 


0.2 

5.1 

7.9 
0.3 

3.9 

0.1 

4.4 

5.4 
0.6 

5.5 

2.5 

4.6 
0.2 
0.4 

0.4 

0.9 

2.5 

3.6 


0.4 

8.8 

10.6 

0.5 

4.9 

0.1 

8.0 

7.7 

0.8 

7.0 

3.3 

6.4 
0.2 
0.8 

1.3 

1.5 

3.9 

4.9 


0.5 

17.4 

15.4 
0.6 
6.0 

0.1 

12.0 

11.1 

1.0 

9.3 

4.5 

9.5 
0.2 
0.9 

1.9 

2.7 

6.3 

7.6 


1.0 

35.3 

23.1 

0.9 

8.1 

0.2 

16.0 

16.8 

I. 3 
17.0 

6.8 

15.7 

0.3 

1.2 

3.0 
3.9 

9.1 

II. 7 


0.3 

3.4 
8.2 
1.0 
6.6 

0.3 

4.0 

6.4 

5.4 

1.8 

5.0 
0.4 

1.1 

0.8 

0.8 

3.5 

4.6 


0.6 

3.4 

8.5 
1.2 

7.0 

0.3 

4.0 
12.4 
12.0 

9.0 

12.0 

5.3 

9.0 
0.4 

1.1 

1.6 
1.2 
3.2 
6.9 


+ 

0.2 

5.4 

2.1 

0.7 

2.1 

0.2 

4.0 

4.7 

11.2 

2.0 

12.0 

2.0 

2.6 

0.2 

0.3 

0.3 

0.3 

0.7 

2.0 


+ _ 
0.1 

14.0 

6.9 

0.6 

1.0 

0.2 

8.0 

1.3 

11.0 

0.3 

12.0 

0.8 

0.5 

0.2 

0.2 

0.3 

1.5 

3.1 

0.7 


+ 

0.4 

31.9 

14.6 

0.3 

1.1 

0.1 

12.0 

4.4 

10.7 

8.0 

12.0 

1.5 

6.7 

0.1 

0.1 

1.4 

2.7 
5.9 

4.8 




Total m.g.d. 


48.5 


71.1 


107.0 


171.4 


53.3 


99.1 


40.5 

12.5 


27.4 

35.3 


23.2 

95.5 



NOTES ( i) Docking R.D.C. demand figures include small supplies to East Suffolk and Norfolk area. 

(ii) West Suffolk W.B. have one source with a licence which expires in 1969, hence authorised 
resources are less than present resources . 



TABLE II . Imports - Nil 



TABLE III. Additional resources arising from re- abstraction 
of effluent 





1971 


1981 


2001 


Great Ouse Water Authority (offord Intake) 


0 


+ 5 


+ 30 



TABLE IV. Effective deficiencies 





1971 


1981 


2001 


Effective deficiencies by sum of Tables i, II and r 1 1 
(rounded to nearest 5 m.g.d.) 


15 


30 


65 



82 
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East Suffolk and Norfolk 



Appendix I 



TABLE I . Demands, resources, surpluses and deficiencies of statutory 
water undertakings within East Suffolk and Norfolk River Authority Area 



Ref. 

on 

Map 

2 


Water Undertaking 


Average Daily Demand - 
m. g. 


Resources - 
m.g.d. 


Apparent Overall Deficiences (-) 
or Surpluses (+) on Authorised 
Resources - m.g.d. 


1964 


1971 


1981 


2001 


1964 


Autho- 

rised 


1971 


1981 


2001 


118 

36 

33 

43 

46 

45 

40 

31 
49 

41 

28 

50-53 

47 

44 
39 

34 

37 

38 

35 

32 

30 

29 

19 

42 


Aldeburgh B.C. 

Blofield A Flegg R.D.C. 

Cromer U.D.C. 

Depwade R.D.C. 

Diss U.D.C. 

East Anglian W. Co. 

East Derehan U.D.C. 

Erplngham R.D.C. 

Felixstowe A District W. Co. 
Forehoe A Henstead R.D.C. 

Hunstanton U.D.C. 

Ipswich C.B.C. (1) 

Lei ston-cum-Si zewell U.D.C. 
Loddon R.D.C. 

Mitford A launditch R.D.C. 

North Walsham U.D.C. 

Norwich C.B.C. 

St. Faiths A Aylsham R.D.C. 
Snail burgh R.D.C. 

Sheri ngham (E. Gas Board) 

Walsinghan R.D.C. 

Well s-next-th e-Sea U.D.C. 

West Suffolk W.B. (ii) 

Vtynondham U.D.C. 


0.2 

0.2 

0.6 

0.7 

0.2 

10.0 

0.3 

0.5 

0.9 

0.2 

0.3 

7.0 

0.1 

0.3 

0.1 

0.3 

7.7 

0.1 

0.3 

0.2 

0.4 

0.1 

0.1 

0.4 


0.3 

0.2 

0.7 

0.8 

0.3 

12.5 
0.4 
0.7 
1.0 
0.3 

0.4 

10.5 
0.2 
0.4 
0.6 

0.4 

8.5 

0.1 

0.4 

0.3 

0.6 

0.2 

0.1 

0.5 


0.4 

0.3 

1.1 

1.0 

0.4 

17.0 

0.5 

0.8 

1.1 

0.5 

0.6 

16.2 

0.3 

0.5 

0.7 

0.4 

11.5 

0.2 

0.5 

0.4 

0.8 

0.3 

0.1 

0.6 


0.5 

0.4 

1.7 

1.5 

0.6 

31.0 

0.7 

1.1 

1.3 

0.9 

0.8 

25.7 

0.4 

0.7 

1.0 

0.5 

18.5 

0.3 

0.9 

0.5 

1.2 

0.4 

0.2 

1.2 


0.3 

0.4 

1.0 

0.7 

0.4 

14.3 

0.5 

1.0 

2.5 
0.2 

0.3 

8.5 
0.1 
0.4 
1.0 

0.4 

13.5 

0.4 

0.6 

0.5 

0.8 

0.1 

0.7 


0.3 

0.4 

2.0 

1.0 

0.4 

20.5 

0.5 

1.0 

2.5 

0.2 

0.3 

9.0 
0.1 
0.4 

1.0 

0.4 

19.0 

0.4 

0.6 

0.5 

0.8 

0.1 

0.7 


+ 

0.2 

1.3 

0.2 

0.1 

8.0 

0.1 

0.3 

1.5 

0.1 

0.1 

1.5 

0.1 

0.4 

10.5 

0.3 

0.2 

0.2 

0.2 

0.1 

0.1 

0.2 


+ 

0.1 

0.1 

0.9 

3.5 

0.2 

1.4 

0.3 

0.3 

7.2 

0.2 

0.1 

0.3 

7.5 
0.2 
0.1 
0.1 

0.2 

0.1 

0.1 


+ 

0.2 

0.3 

0.5 

0.2 

10.5 

0.2 

0.1 

0.7 

0.5 

16.7 

0.3 

0.3 

0.1 

0.5 

0.1 

0.3 

0.4 

0.3 

0.2 

0.5 


Total m.g.d. 


31.2 


40.4 


56.2 


92.0 


48.6 


62.1 


23.7 

2.0 


14.4 

8.5 


2.1 

32.0 



NOTES : (i) 



(W 



The figures for Ipswich C.B.C. include those for Stowmarket 
Dipping R. D .C. (52) and Woodbridge U.D.C.(51 ) 

West Suffolk W.B. present demands met by transfer from Oreat 



U.D. C.( 142 ) , Deben 






R.D.C. (50 ) , 



TABLE II. Imports - Nil 



TABLE III. Effective Deficiencies 





1971 


1981 


2001 


Effect! vedeficienci es, i.e. deficiencies in Table i (rounded to nearest 
5 m.a.a.) 


0 


10 


30 



83 
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Appendix I 



Essex 



TABLE I. Demands, resources, surpluses and deficiencies of statutory 
water undertakings within Essex River Authority Area 



Ref. 




Average Daily Demand - 
m.g. 


Resou 

m.g 


d. 


Apparent Overall Deficiencies (-) 
or Surpluses (+) on Authorised 
Resources - m.g.d. 


Map 

2 




1964 


1971 


1961 


2001 


1964 


Autho- 

rised 


1971 


1981 


2001 






0.8 


1.3 


2.0 

1.7 


3-5 


0.9 


1.6 


+ - 

0.3 


+ 

0.4 


+ 

1.9 






1.0 


















Bjrnham on Crouch U.D.C. 


0.1 






















2.4 








1.8 










64 


Chelmsford R.D.C. 


1.8 


2.7 










177 








3.7 


5.6 


8.5 


15.0 


4.3 


5.6 


- - 


2.9 


9.4 
















0.8 




0.3 








0.5 


0.8 


1.1 














0.2 


0.4 


0.6 


1.0 












69 


Lee Valley W. Co. 


2.0 


2.8 


3.6 












4.0 






0.4 


0.5 


0.6 


0.8 


0.4 


0.4 


0.1 


0.2 


0.4 






0.9 


1.3 


1.5 


















19.0 


20.0 


21.0 


23.0 


1.0 














0.6 


0.9 


1.3 


1.7 








0.3 




67 


Southend Wwks. Co. 


13.5 


20.9 


27.8 


45.0 






7.6 










36.3 


47.2 


57.6 


78.4 


31.7 


31.7 


15.5 


25.9 


46.7 






3.5 


6.0 


8.9 








0.5 










0.5 


1.3 
















19 


West Suffolk W.B. 


2.4 


3.9 


6.4 
















Total m.g.d. 


89.6 


120.9 


153.8 


221.8 


68.8 


73.6 


0.4 

47.7 


80.2 


148.2 



NOTE: The statutory reservations under the South Essex Waterworks Acts and the Hanningfield Orders 

amounting in total to 5.1 m.g.d. have been shown as resources ot the reserving authority and 

deducted from the resources of the supplying companies. 



TABLE II . Imports 





Average Daily Transfer - m.g. 




1971 


1981 


2001 




16 


_ 


_ 


(|j) Lee Valley W. Co. transfer from Great Ouse area 


0.8 


“ 


~ 


Total Imports m.g.d. 


16.8 


- 


- 



NOTE : if 1971 j s a drought year and the statutory flow over Teddlngton Weir is reduced , H .W . B . demands and 

a bulk supply of up to 20 m.g.d. to S. Essex Wwks. Co. would be met in full and total imports would 
Increase to 40 m.g.d. reducing the effective deficiency to 8 m.g.d. 



TABLE III . Effective Deficiencies 





1971 : 


1981 


2001 


Effective deficiencies, by deduction of Imports frcm deficiencies In Table 1 
(rounded to nearest 5 m.g.d.) 


30 


80 


150 



84 
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Appendix I 



TABLE I . Demands, resources, surpluses and deficiencies of statutory 
water undertakings within Lee Conservancy Catchment Board Area 



Ref. 

on 




Average Daily Demand - 
m.fl. 


m.g 


rces - 


Apparent Overall Deficiencies (-) 
or Surpluses (+) on Authorised 
Resources - m.g.d. 


v 




1964 


1971 


1961 


2001 


1964 


Autho- 


1971 


1981 


2001 


71 


Colne Valley W. Co. 


1.3 


1.8 


2.5 


4.2 


1.8 


1.8 


+ 


+ 

0.7 


+ _ 
2.4 


69 


Lee Valley W. Co. 


20.3 


28.7 


40.7 


60.3 


24.8 


24.8 


3.9 


15.9 


35.5 


70 


Luton W. Co. 


10.4 


15.7 


19.6 


24.5 


7.1 


7.1 


8.6 


12.5 


17.4 


100 


Metropolitan W.B. 


93.0 


99.0 


107.0 


123.0 


69.0 


69.0 


30.0 


38.0 


54.0 




Totals m.g.d. 


125.0 


145.2 


169.8 


212.0 


102.7 


102.7 


42.5 


67.1 


109.3 



TABLE II . Imports 





Average Daily Transfer - m.g. 




1971 


1981 


2001 


Lee Valley W. Co. transfer from Great Ouse area 


3.9 


1.3 


_ 


Luton W. Co. transfer from Great Ouse and Thames area 


8.6 


12.5 


14.9 


Metropolitan W.B. transfer from Thames area 


30.0 


34.0 


10.0 


Total imports m.g.d. 


42.5 


47.8 


24.9 


TABLE III. Effective Deficiencies 










1971 


1961 


2001 


Effective deficiencies, ty deduction of imports fran deficiencies in Table 1 
(rounded to nearest 5 m.g.d.) 


0 


20 


85 



85 
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Appendix I 



Thames 



TABLE I. Demands, resources, surpluses and deficiencies of statutory water 
undertakings within Thames Conservancy Area and London Excluded Area 



Ref. 




















Average Daily Demand - 


Resources - 


or Surplu 


es (+) on Authorised 


Map 


Water Undertaking 




m.g 






m.g. 




Resources - m. 


.d. 






1964 


1971 


1981 


2001 


1964 


Autho- 


1971 


1981 


2001 


















+ 


+ _ 


+ 






2.3 


3.4 


5.3 


7.0 


3.0 


3.5 


0.1 


1.8 


3.5 




Bucks W.B. 


10.7 


13.5 


19.5 


36.7 


14.6 










97 


Bumhem, Dorney S 


1.5 


1.8 


3.0 


5.5 


1.5 


1.8 




























0.3 






0.9 


1.0 


1.1 


1.2 


1.5 


1.5 






71 


Colne Valley W. Co. 


31.0 


36.9 


43.6 


55.0 


28.0 


28.0 












2.6 


3.3 


4.0 


5.5 


6.3 


6.3 


3.0 


2.3 


0.8 






9.6 


10.3 


11.5 


14.0 


7.2 


7.2 














16.5 


19.5 


25.8 


15.8 


15.8 


0.7 






92 


Epson & Ewell B.C. (i,v) 


2.1 


2.3 


2.4 


2.7 














Qjlldford, Godaiming & (v) 


6.8 


7.7 


8.9 


11.8 


6.9 


7.7 










District W.B. 






















Lee Valley W. Co. (ill) 


5.7 


6.9 


8.3 


10.6 


3.5 


3.5 


3.4 


4.8 


7.1 




0.6 


0.7 


0.9 


1.2 


5.4 


5.4 


4.7 


4.5 




100 


Metropolitan W.B. (vi ) 


234.0 


243.0 


255.0 


279.0 


213.0 


289.0 


46.0 


34.0 






Mid-Northamptonshire W.B. 


0.1 


0.1 
















115 


Mid-Sussex W. Co. 


0.2 


0.3 


0.4 




“ 


~ 






0.6 


88 


Mid-Wessex W. Co. 


17.7 


22.5 


30.0 


46.0 


26.0 


26.8 


4.3 


3.2 


19.2 




North-West Sussex W.B. 


2.8 




4.7 


6.5 






3.6 






95 


New Windsor B.C. 


1.5 


1.7 


2.0 


2.0 


1.8 




0.3 






7 U<— 
82 


Oxford C.B.C. (including (vii) 
"Oxford Group" & Thame 


13.8 


16.0 


21.3 


24.0 


13.8 


31.1 


15.1 


9.8 


























99 


Rickmansworth & Uxbridge 


26.7 


31.0 


40.0 


58.0 


28.0 


28.0 


3.0 








Valley W. Co. 




















98 


Slough B.C. 


5.0 


6.5 


7.5 


10.0 


5.0 


6.0 


2.0 


3.0 


5.5 




Southampton C.B.C. 


0.7 


1.1 


1.8 










0.6 




94 


South-West (ill) & (vlil) 


11.6 


12.8 


15.3 


20.3 


10.0 


7.0 


5.8 
























1.7 


2.3 






11.5 


12.8 


14.8 


18.8 


14.5 






86 


Swindon B.C. 


7.6 


9.9 


14.2 


21.7 


9.2 


10.1 


0.2 










21.2 


29.0 


48.1 


84.1 


31.0 


31.0 


2.0 


17.1 


53-1 








3.5 


4.2 


5.7 


5.4 


5.4 


1.9 


1.2 


0.3 








4.8 


6.5 


11.8 


4.7 


7.3 


2.5 






85 


Witney U.D.C. (x) 


0.4 


0.7 


1.3 


2.5 


0.7 


0.7 








93 


Woking & District W. Co. 


10.7 


15.5 


19.5 


27.5 












Totals 

(rounded to nearest 5 m.g.d.,) 


460.0 


520.0 


615.0 


800.0 


480.0 


580.0 


90.0 

30.0 


55.0 

90.0 


25.0 

245.0 



(W 

aw 

(iv) 

(y) 

(Vi) 



(vli) 

(viii) 

(ix) 

(x) 



Banbury B.C. Demand figures shown include for S.E. Study proposals . 

Cotswold 1 V ,B . Figures for demand exclude bulk supply to Severn area:- 1964 0.4 m.g.d., 

1971 and thereafter 0.7 m.g.d. 

Croydon L.B.C., Lee Valley W. Co., and S.W. Suburban W. Co. Resources exclude bulk supplies 
from M. V/.B . 

Epsom and Ewell B.C. Bulk supply is also afforded, based on supply of surplus water, 

0.6 m.g.d. Agreement expires in 1971. 

Guildford, Godaiming and District V/.B. Demand excludes transfers to Sussex area:- 1964 
0.4 m.g.d. ; 1971 0.5 m.g.d . ; l)6l 0.6 m.g.d.; 2001 0.7 m.g.d. 

Metropolitan V/.B. Demand excludes bulk supplies to other water undertakings. Authorised 
resources include both Wraysbury and Datchet reservoirs and ignore Thames Abstraction Orders 
which expire in 1967 . If 1971 should be a drought year the Board could only meet in full its 
own demands in Essex (i.e. a further 3 m.g.d.) and also its bulk supply commitment of 20 m.g.d. 
to South Essex Ww/cs. Co. by a reduction of the statutory flow over Teddington Weir. 

Oxford C.B.C. Authorised resources include whole of Farmoor reservoir (17 m.g.d.): yield of 

Stage I (now constructed) 6.5 m.g.d., Stage II 10.5 m.g.d. ‘Oxford Group’ comprises Abingdon 
B.C. (76), Bicester U.D.C.(79) , Chipping Norton B .C. (82) , Chipping Norton R.D.C.(81 ) , 

Faringdon R.D.C.(77), Ploughley R.D.C.(80), Theme U.D.C.(74) and Witney R.D.C.(78). 

South-West Suburban W.Co. 1964 resources greater than authorised resources because of 
temporary powers of abstract ion. 

Thames Valley W.B. Authorised resources exclude est imated yield of 11 m.g.d. from boreholes 
for which authorisation has only been given to date for drilling and test pumping. 

Witney U.D.C. Resources - 0.7 available for U.D.C. Average abstraction right -1.5 (0.8 
commitment to R.D.C.). 2001 demand estimated by W.R.B. 
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Thames (continued) Appendix I 

The Effect of Imports and Re-Use 





Average Daily 
Import — m. g. 




1971 


1981 


2001 


A imports producing effluents discharged below Teddinqton Weir 
Metropolitan W.B. import (to L.E.A.) from Kent area, say 


10.0 


5.0 


- 


B Imports producing effluents discharged above Teddington Weir 
({) East Surrey W. Co. import from Ken t area 
( i| North-West Sussex W.B. import from Kent and Sussex areas 
(lii) Mid-Sussex W, Co. import from Kent area (bulk supply from North-West 


0.7 

3.6 

0.3 


3.7 

4.7 
0.4 


3.0 

3.6 

0.6 


(iv) Mid-Northants W.B. import from Great Ouse area 


0.1 


0.2 


0.2 


Totals (rounded to 5 m.g.) 


5.0 


10.0 


10 .0 



TABLE IIIA . Demands, resources, surpluses and deficiencies of undertakings 
giving rise to effluents discharged below Teddington Weir 



Water Undertaking 


Average Daily Demand - 


Resources - 


Net Deficiencies (-) or 
Surpluses (+) on Authorised 
Resources - m.g.d. 


1964 


1971 


1981 


2001 


1964 


Autho- 

rised 


1971 


1981 


2001 


Colne Valley W. Co. (1 ) 

Croydon L.B.C. 

Lee Valley W. Co. 

Metropoli tan W.B. 

Ri ckmansworth & Uxbridge Valley W.Co.(||l 
S.W. Suburban W. Co. m' 

Sutton District W. Co. 


21.7 

9.6 

5.7 
234.0 

13.4 

5.8 

11.5 


22.1 

10.3 

6.9 

243.0 

15.5 

6.4 

12.8 


26.2 

11.5 

8.3 

255.0 

20.0 

7.6 

14.8 


33.0 

14.0 
10.6 

279.0 

29.0 

10.1 
18.8 


19.6 

7.2 

3.5 

213.0 

14.0 

5.0 

14.5 


19.6 

7.2 

3.5 

289.0 

14.0 

3.5 

16.5 


+ - 

2.5 

3.1 

3.4 

46.0 

1.5 
2.9 

3.7 


+ - 

6.6 

4.3 

4.8 

34.0 

6.0 

4.1 

1.7 


13.4 

6.8 

7.1 

10.0 

15.0 

6.6 

2.3 


Totals (rounded to 5 m.g.) 


300.0 


315.0 


345.0 


395.0 


275.0 


355.0 


50.0 

15.0 


35.0 

25.0 


10.0 

50.0 


EFFECTIVE DEFICIENCIES 
(by addition of imports) 














5 


- 20 


- 50 



NOTES : ( 1 ) Colne Valley W. Co. discharge about 70 per cent of their consumption below Teddington Weir at 

present but this percentage is likely to fall to 60 per cent with future development. The 
above figures are either 60 per cent or 70 per cent of the figures in Table I as appropriate, 
(il) Denotes an undertaking which discharges about one-half of its consumption below Teddington 
Weir and the above figures are 50 per cent of those in Table I. 



TABLE IIIB . Total demands, resources, surpluses and deficiencies of 
undertakings giving rise to effluent discharged above Teddington Weir 





Average Daily Demand - 


Resources - 
m.g.d. 


Net Deficiencies (-) or 
Surpluses (+) on Authorised 
Resources - m.g.d. 




1964 


1971 


1981 


1964 


1964 


Autho- 

rised 


1971 


1981 


2001 
















+ 


+ 


+ - 


1 Total demands etc. for whole area, 
from Table 1 


460.0 


520.0 


615.0 


800.0 


480.0 


580.0 


90.0 30.0 


55.0 90.0 


25.0 245.0 


2 Total demands etc. giving rise to 
effluents discharged below 
Teddington Weir, from Table IIIA 

3 Total demands etc. giving rise to 
effluents discharged above 
Teddington Weir, by difference 


300.0 


315.0 


345.0 


395.0 


275.0 


355.0 


50.0 15.0 


35.0 25.0 


10.0 50.0 


160.0 


205.0 


270.0 


405.0 


205.0 


225.0 


40.0 15.0 


20.0 65.0 


15.0 195.0 


4 EFFECTIVE DEFICIENCIES 
(ty addition of imports) 














- 10 


- 55 


- 185 



NOTE: If the 'upstream' effective deficiencies are made good in full, water would be made available for 

export equal in quantity to the difference of the 'upstream' and ' downstream' effective deficiencies 
i.e. 5 m.g.d. in 1971, 35 m.g.d. in 1981 and 135 m.g.d. in 2001. The total effective deficiencies 
given in Table IIIB exceed the total quantities required from new conservation works by these amounts. 
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Kent 



TABLE I. Demands, resources, surpluses and deficiencies of statutory 
water undertakings within Kent River Authority Area 



Ref. 

on 

Map 

2 


Water Undertaking 


Average Daily Demand - 
m.g. 


Resou 

m.g 


d. 


Apparent Overall Deficiencies (-) 
or Surpluses (+) on Authorised 
Resources - m.g.d. 


1964 


1971 


1981 


2001 


1964 


Autho- 

rised 


1971 


1981 


2001 


















+ 


+ 


+ 


108 


Canterbury & District W. Co. 


4.2 


5.7 


7.7 


11.5 


7.0 


7.0 


1.3 


0.7 


4.5 


110 


Deal B.C. (Hi) 


1.0 


1.2 


1.5 


2.1 


1.4 


1.4 


0.2 


0.1 


0.7 


111 


Dover B.C. 


1.4 


1.5 


1.6 


2.0 


1.6 


1.6 


0.1 




0.4 


114 


Eastbourne W. Co. 


0.8 


1.2 


1.7 


2.5 


1.2 


1.5 


0.3 


0.2 


1.0 


91 


East surrey W. Co. 


2.1 


2.5 


2.9 


4.0 


2.2 


7.2 


4.7 


4.3 


3.2 


112 


Folkestone 4 District W. Co. 


3.8 


5.7 


7.7 


10.6 


4.3 


6.5 


0.8 


1.2 


4.1 


113 


Hastings C.B.C. 


0.6 


0.9 


1.3 


2.2 


5.0 


5.0 


4.1 


3.7 


2.8 


106 


Maidstone W. Co. 


3.0 


4.0 


5.0 


8.2 


5.1 


5.9 


1.9 


0.9 


2.3 


107 


Medway W.B. (i) 


19.7 


27.6 


38.6 


67.1 


23.0 


25.0 


2.6 


13.6 


42.1 


100 


Metropolitan W.B. 


24.0 


26.0 


29.0 


33.0 


36.0 


36.0 


10.0. 


7.0 


3.0 


105 


Mid-Kent W. Co. (I I i ) 


11.8 


16.5 


23.0 


36.0 


12.5 


20.5 


4.0 


2.5 


15.5 


115 


Mid-Sussex W. Co. 


2.0 


2.7 


3.8 


7.0 


2.1 


2.5 


0.2 


1.3 


4.5 


117 


North-West Sussex W.B. (ii) 


- 


- 


- 


- 


3.1 


3.1 


3.1 


3,-1 


3.1 


103 


Sevenoaks & Tonbridge W. Co. 


2.6 


3.4 


4.5 


6.0 


4.5 


4.5 


1.1 


- - 


1.5 


109 


Thanet w.B. ( i 1 i ) 


6.6 


7.7 


9.1 


11.8 


7.2 


8.7 


1.0 


0.4 


3.1 


104 


Tunbridge Wells B.C. 


2.6 


3.2 


3.9 


4.8 


1.8 


1.8 


1.4 


2.1 


3.0 


Totals m.g.d. 


86.2 


109.8 


141.3 


208.8 


118.0 


138.2 


32.6 

4.2 


19.0 

22.1 


12.1 

82.7 



NOTES : (1) Medway W.B. figures include Sheppey W.B. and Sittingbourne and Milton U.D.C. which were 

amalgamated with Medway W.B. on 1st April, 1965. 



(ii) North-West Sussex W.B. apparent surplus is used to supply Crawley (1.9) and to afford a bulk 
supply (1.2 m.g.d.) to Mid-Sussex W. Co. which is consumed in Kent, Sussex and Thames areas. 



(Hi) This Table does not take account of the transfer to the Thanet Water Board of the 

undertaking of Deal B.C. and part of the undertaking of Mid-Kent W. Co, (1st April 1966). 



TABLE II . Imports - Nil 



TABLE III. Effective Deficiencies 





1971 


1981 


2001 


Effective deficiencies, i.e. deficiencies in Table 1 
(rounded to nearest 5 m.g.d.) 


5 


20 
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Sussex 



Appendix I 



TABLE I . Demands, resources, surpluses and deficiencies of statutory 
water undertakings within Sussex River Authority Area 



Ref. 

Map 

2 


Water 

Undertaking 


Average Daily Demand - 
m.g. 


m.c 


rces 


Apparent Overall Deficiencies (-) 
or Surpluses (+) on Authorised 
Resources - m.g.d. 


1964 


1971 


1961 


2001 


1964 


Autho- 

rised 


1971 


1961 


2001 


















+ _ 


+ _ 


+ 


116 


Brighton C.B.C. (i) 


15.4 


17.4 


20.4 


23.9 


16.0 


16.0 


1.4 


4.4 


7.9 


114 


Eastbourne W. Co. 


7.0 


9.2 


11.9 


17.2 


8.2 


8.2 


1.0 


3.7 


9.0 


91 


East Surrey W. Co. 


0.1 


0.1 


0.2 


0.2 


- 


- 


0.1 


0.2 


0.2 


90 


Guildford, Godaiming & District 


0.4 


0.5 


0.6 


0.7 




- 


0.5 


0.6 


0.7 


113 


Hastings C.B.C. 


2.9 


3.6 


5.2 


7.8 


1.1 


1.1 


2.5 


4.1 


6.7 


115 


Mid-Sussex W. Co. 


5.6 


7.0 


9.4 


15.0 


5.0 


8.6 


1.6 


0.8 


6.4 


117 


North-West Sussex W.B. 


4.5 


5.7 


6.9 


9.1 


9.6 


10.2 


4.5 


3.3 


1.1 


119 


Portsmouth W. Co. 


6.5 


8.1 


10.0 


15.7 


7.7 


11.0 


2.9 


1.0 


4.7 


89 


Wey Valley W. Co. 


0.6 


0.7 


1.0 


1.9 


0.9 


2.1 


1.4 


1.1 


0.2 


118 


Worthing B.C. (I), (i ) 


7.1 


8.5 


10.4 


13.5 


9.0 


9.0 


0.5 


1.4 


4.5 


Total m.g.d. 


50.1 


60.8 


76.0 


105.0 


57.5 


66.2 


10.9 

5.5 


5.4 

15.2 


1.3 

40.1 



NOTES : (1) Brighton and Worthing operate their pumps in co-operation - joint capacity 25 m.g.d. 

(ii) Worthing B.C. demand figures include allowance For Arundel B.C. 



TABLE II . Imports 





Average Daily Transfer - m.g. 


1971 


1981 


2001 


East Surrey W. Co. frcm Kent Area 


0.1 


0.2 


0.2 


Guildford, Godaiming A District w.B. from Thames Area 


0.5 


0.6 


0.7 


Hastings C.B.C. from Kent Area 


2.5 


3.7 


2.8 


North-West Sussex W.B. frcm Kent Area (bulk supply to Mid-Sussex W. Co.) (iii) 




0.2 


~ 


Total imports m.g.d. 


3.1 


4.7 


3.7 



NOTE: (Hi) No apparent deficiency to be met in 1971 but 0.4 m.g.d. available for import. 



TABLE III . Effective Deficiencies 





1971 


1981 


2001 


Effective deficiencies by deduction of imports from deficiencies in Table l 
(rounded to nearest 5 m.g.d.) 


5 


10 


35 
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Hampshire 



TABLE I. Demands, resources, si 
water undertakings within 



lrpluses and deficiencies of statutory 
Hampshire River Authority Area 



Ref. 

Map 

2 


Water 

Undertakings 


Average Daily Demand - 
m.g. 


Resources - 
m.g.d. 


Apparent Ov 
or Surplus 
Reso 


erall Defic 
is (+) on i 


encies (-) 
uthorised 
■d. 


1964 


1971 


1981 


2001 


1964 


Autho- 
ri sed 


1971 


1981 


2001 


120 

88 

119 

123 

133 

89 

122 


Lymington B.C. (0 

Mid-Wessex W. Co. 00 

Portsmouth W. Co. 

Southampton C.B.C. U 11 ) 

West Hampshire W. Co. 

Wey Valley W. Co. 

Winchester B.C. 


0.4 

0.3 

27.7 

24.4 

9.3 

0.2 

2.2 


0.5 

0.4 

35.6 

38.5 

12.2 

0.2 

2.9 


0.6 

1.0 

46.8 

56.8 
12.7 

0.3 

3.9 


1.0 

1.5 

79.2 

91.9 

13.6 

0.5 

6.7 


0.4 

1.0 

22.3 

26.0 

0.2 

3.2 


0.4 

1.0 

23.9 

36.4 

0.2 

3.2 


+ 

0.1 

0.6 

11.7 

2.1 

12.2 

0.3 


+ 

0.2 

22.9 

20.4 

12.7 

0.1 

0.7 


+ 

0.6 

0.5 

55.3 

55.5 

13.6 

0.3 

3.5 




Total m.g.d. 


64.5 


90.3 


122.1 


194.4 


53.1 


65.1 


0.9 

26.1 


57.0 


129.3 



NOTES: (l) Lymington B.C. - Future demands estimated by Water Resources Board. 

(ii) Mid-Wessex W. Co. - 1964 demand estimated by Water Resources Board. 
(Hi) Southampton C.B.C. figures include Winchester R.D.C. 



TABLE II. Imports 





Average Daily Transfer - m.g. 


1971 


1981 


2001 


West Hampshire W. Co. from Avon & Dorset area 
Portsmouth W. Co. from Sussex area 


12.2 

2.9 


12.7 

1.0 


13.6 


Total Imports m.g.d. 


15.1 


13.7 


13.6 



TABLE III. Effective Deficiencies 





1971 


1981 


2001 


Effective deficiencies by deduction of Imports from deficiencies in 
Table 1 (rounded to nearest 5 m.g.d.) 


10 


45 


115 
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Appendix I 



TABLE I . Demands, resources, surpluses and deficiencies of statutory 
water undertakings within Avon and Dorset River Authority Area 



Ref. 

on 

Map 

2 


Water 

Undertaking 


Average Dally Demand - 
m.g. 


Resources - 
m.g.d. 


Apparent Overall Deficiencies (-) 
or Surpluses (+) on Authorised 
Resources - m.g.d. 


1964 


1971 


1961 


2001 


1964 


Autho- 

rised 


1971 


1981 


2001 


















+ 


+ _ 


+- 


134 


Bournemouth & District w. Co. 


10.1 


12.0 


15.5 


25.5 


17.0 


17.0 


5.0 


1.5 


8.5 


126 


North Wilts W.B. 


0.1 


0.1 


0.2 


0.2 


0.6 


0.6 


0.5 


0.4 


0.4 


- 


Proposed Dorset W.B. (i) 


14.4 


20.7 


27.9 


46.1 


19.1 


21.2 


0.5 


6.7 


24.9 


133 


West Hampshire W. Co. 


3.3 


4.4 


5.6 


8.4 


24.0 


24.0 


19.6 


18.4 


15.6 


131 


West Wilts W.B. 


2.7 


3.3 


3.9 


5.6 


3.1 


4.2 


0.9 


0.3 


1.4 


- 


Proposed South Wilts W.B. (ii) 


4.5 


5.1 


5.9 


7.6 


7.1 


7.1 


2.0 


1.2 


0.5 


132 


Wessex W.B. 


0.6 


0.7 


0.9 


1.4 


0.6 


0.6 


0.1 


0.3 


0.8 


141 


East Devon W.B. 


0.2 


0.3 


0.4 


0.5 


0.3 


0.3 


- - 


0.1 


0.2 


Total m.g.d. 


35.9 


46.6 


60.3 


95.3 


71.8 


75.0 


28.5 

0.1 


21.8 

7.1 


16.0 

36.3 



NOTES : (1) The proposed Dorset W.B. includes the following Undertakings: - Poole and East Dorset W.B. 

(135), West Dorset W.B. (140), Dorchester R.D.C.(136) , Dorchester B.C.(137), Portland U.D.C. 
(139) and the Weymouth W. Co.( 138) . 

( ii) The proposed South Wilts W.B. includes the following Undertakings: - Amesbury R.D.C.(127) , 

Pewsey R.D.C.(125), Salisbury B .C. (128) , Salisbury and Wilton R.D.C.(130), Wilton B .C. (129) , 
and the Cholderton and District W. Co. (124). 



TABLE II . Imports - Nil 



TABLE III. Effective Deficiencies 





1971 


1981 


2001 


Effective deficiencies from Table 1 
(rounded to nearest 5 m.g.d.) 


0 


5 


35 
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WATER CONSUMPTION IN SOUTH EAST ENGLAND 



Introduction 

The preliminary statement in this Study dated July, 1965 was submitted to 
the two Technical Committees of the Working Party for South East England and 
resulted in a request that the curve of total consumption per capita which was 
shown on Diagram 1 attached to that statement should be supplemented by two 
additional curves indicating the metered and unmetered consumptions separately. 
It was suggested that this would enable an individual assessment to be made of 
the trend in future demand for each type of supply. 

The Committees expressed the view, however, that the curve of metered con- 
sumption should be plotted on the basis of the total quantity of water supplied 
daily through the meters and should not be related to population. 

It had been explained in the preliminary statement that separate records of 
metered and unmetered supplies were not available for any earlier period than 
1957 and in the case of many undertakings than 1959 and it had been decided for 
this reason that curves based upon so short a period of years would be 
unreliable. 

The conclusions arrived at in the earlier statement were based upon exami- 
nation of the records and statistics of 52 water undertakings selected from the 
155 throughout the South East England Study Area. The method of selection of 
the 52 undertakings in the four distinct zones involved consideration of the 
extent of each statutory supply area, the population, the concentration of 
industry and the type and density of residential development. Every effort was 
made to select undertakings which could be considered typical of the particular 
zone in which they were situated. In this way it was believed that the under- 
takings selected would give a fair representation of conditions in the whole of 
South East England and that the resulting conclusions would be applicable 
throughout the Study Area. 

The 52 undertakings whose records and statistics were analysed to form the 
basis of the preliminary statement were:- 

(i) London Conurbation. Comprising 3 undertakers 
Colne Valley Water Company 
Croydon Corporation 
Sutton District Water Company 

(ii) Inner Country Ring . Comprising 7 undertakers 
Lee Valley Water Company 
South Essex Waterworks Company 

Ri ckmansworth and Uxbridge Valley Water Company 

Medway Water Board 

Sevenoaks-Tonbridge Water Company 

East Surrey Water Company 

Woking and District Water Company 

(iii) Outer Country Ring, Comprising 12 undertakers 



Luton Water Company 
Thames Valley Water Board 
Bucks Water Board 
Southend Waterworks Company 



Mid-Wessex Water Company 
Mid-Kent Water Company 



Wey Valley Water Company 
Guildford Godaiming and 
District Water Board 



Chelmsford Corporation 
Chelmsford Rural District Council 



Mid-Sussex Water Company 
North-West Sussex Water 
Company 
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(iv) 



Remainder of Area. Comprising 30 undertakers 



Mid-Beds Water Board 

Oxford Corporation 

Mid-Northants Water Board 

Tendring Hundred Waterworks Company 

Colchester & District Water Board 

East Anglian Water Company 

Deben Rural District Council 

West Suffolk Water Board 
Folkestone & District Water Company 
Thanet Water Board 

Canterbury & District Water Company 

Eastbourne Waterworks Company 
Brighton Corporation 
Portsmouth Water Company 

Blofield & Flegg Rural District 
Council 



Southampton Corporation 
West Hampshire Water Company 
Isle of Wight Water Board 
Swindon Corporation 
Poole & East Dorset Water Board 
Cambridge Water Company 
Ely, Mildenhall & Newmarket 
Water Board 

Nene & Ouse Water Board 
Peterborough Corporation 
Wayland Rural District Council 
Mitford & Launditch Rural 
District Council 
Norwich Corporation 
Cromer Urban District Council 
Erpingham Rural District 
Council 

Docking Rural District Council 



As the result of the subsequent request from the Technical Committees the 
following 6 undertakings were selected from the original 52 and asked to provide 
details of their metered and unmetered supplies for each of the years 1946' and 
1964 together with the populations supplied. Again these undertakings were 
selected because they appeared to be typical of their particular zone on the 
basis of the several factors enumerated earlier. 



Colne Valley Water Company 
South Essex Waterworks Company 
East Surrey Water Company 
Bucks Water Board 
Oxford Corporation 
Southampton Corporation 



London Conurbation 
Inner Country Ring 
Inner Country Ring 
Outer Country Ring 
Remainder of Area 
Remainder of Area 



Diagram 2 
" 3 

" 4 

" 5 

" 6 

" 7 



Graphs have been drawn for each of these undertakings and are shown in the 
Diagrams numbered 2 to 7 attached to this statement. 

The graphs in each case show seven individual curves for metered, unmetered 
and total supplies expressed in m. g. d. and in g.p.h.p.d. together with the popu- 
lation in the statutory supply area. 

The graph on Diagram 1 which is described in more detail under the sub- 
heading ‘The Graphs' below, includes a summation curve of the total metered 
supplies given by these 6 undertakings. 



The Undertakings 

Four of the six selected water undertakings for which additional graphs have 
been produced have been subject to varying degrees of re-grouping since the war. 

In the case of the Colne Valley Water Company the most substantial addition 
was in 1958/59 when the population increased by some 74,000. In the two follow- 
ing years 18,000 and 8,000 were added respectively. 

The population supplied by the East Surrey Water Company expanded by 8,000 
in 1958/59. 

In 1949/50 the population in the Bucks Water Board area increased by 10,000 
but in 1959/60 an increase of 164,000 more than doubled the total population as 
the result of re-grouping. 
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Re-grouping also took place with the Southampton Corporation undertaking in 
1958 and more extensively in 1962 but these additional populations have not been 
included in the statistics. 



The incidence of all these re-groupings is recorded on the graphs and they 
are referred to by numbers in the following list. 



DIAGRAM 

NO. 


STATUTORY 

UNDERTAKING 


CONSTITUENT 

UNDERTAKING 


DATE OF 
ORDER 


NO. ON 
GRAPH 


2 


Colne Valley Water Co. 


St. Albans W. Co. 


1.7. 59 


1 






Harpenden W. Co. Ltd. 


30.9.60 


2 






St. Albans R.D.C. 


1.4.62 


3 


4 


East Surrey Water Co. 


Dorking Water Co. 


1. 1. 59 


1 


5 


Bucks Water Board 


Chiltern Hill Springs W. Co. 


1946 








Rural Districts W. Co. 


1950 \ 








Wing R.D.C. 


1.4.50/ 


1 






Brackley B. C. 


1.4.60] 








Marlow W. Bd. 


1.4.60 








High Wycombe B. C. 


1. 4. 60 








Bletchley U.D.C. 


1. 4. 60 








Newport Pagnell U.D.C. 


1.4.60. 








Wolverton U.D.C. 


1.4.60 


2 






Brackley R.D.C. 


1.4.60 








Newport Pagnell R.D.C. 


1.4.60 








Towcester R.D.C. 


1.4.60 








Wycombe R.D.C. 


1.4.60, 




7 


Southampton C.B.C. 


Hursley Park Estate 


9.7. 58 


1 






New Forest R. D. C. 


1. 4. 62] 








Kingsclere & Whitchurch R.D.C. 


1. 4. 62 








Andover B. C. 


1. 4. 62> 


2 






Andover R. D. C. 


1.4.62 








Rorasey & Stockbridge R.D.C. 


1.4.62J 


| 



The Graphs 



It will be seen from the various curves that the influence of re-grouping 
is most marked in the case of the Bucks Water Board. It is of interest to note 
on this particular graph (Diagram 5) that the curve of unmetered consumption per 
capita shows an upward trend coincident with the increase of population follow- 
ing the major re-grouping, but over the same period the curve of metered con- 
sumption when related to this substantially increased population shows a pro- 
nounced drop. 



That this is an entirely false conception can 
curve of total metered consumption which records a 
period of regrouping. 



be seen by reference to the 
considerable increase at this 



This would appear also to support the contention that in areas subject to 
substantial annual variation of population, or such as that of the Thanet Water 
Board to seasonal variation the consumption per capita of water supplied by 
meter is not a reliable indication of likely future demand. In fact the actual 
total of metered consumption can increase whilst the population falls The 
curves in the case of Bucks Water Board show that the reverse is equally true 
although the two influences are not necessarily similar. 

On the graph in Diagram 1 curve's havd been drawn of the total metered con- 
sumption expressed in m.g.d. and representing a summation of the metered 
supplies given by the six selected undertakings. In addition curves are shown 
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for the per capita consumption via metered and unmetered supplies, but in these 
cases the figures have been adjusted by means of a factor calculated by reference 
o t e curve of total consumption of the fifty-two undertakings drawn on 
Uiagram 1 of the preliminary paper. In this way it has enabled a comparison to 
be made between the earlier curve and those now presented. 

The following statistics show the basis of the adjustment in the curves over 
the period of 19 years. 



Year 


Total Consumptic 


n - g.p.h.p.d. 


Adjustment 


Averaged 

Consumption 

g.p.h.p.d. 

6 Authori ties 


Adjusted 

Figures 




52 Authorities 


6 Authorities 




Unmetered 


Metered 


Unme tered 


Metered 


1946 


36.5 


42.5 


.86 


29.2 


13.2 


g.p.h.p.d. 

25.5 


g.p.h.p.d. 

11.6 




37.2 


42.7 


.87 


29.3 


13.4 


25.5 


11.7 




37.8 


42.2 


.90 


28.5 


13.6 


25.6 


12.2 




37.8 


42.3 


.90 


28.4 


13.9 


25.5 


12.5 


1950 


37.3 


42.4 


.88 


27.8 


14.6 


24.5 


12.8 




37.7 


42.7 


.88 


27.5 


15.2 


24.2 


13.4 




37.8 


43.0 


.88 


27.5 


15.4 


24.2 


13.5 




38.6 


43.7 


.89 


27.5 


16.2 


24.4 


14.4 




39.9 


43.8 


.91 


26.8 


17.0 


24.4 


15.5 




40.5 


45.0 


.90 


26.9 


18.1 


24.2 


16.3 


56 


40.9 


45.9 


.89 


27.6 


18.3 


24.6 


16.3 




42.4 


46.7 


.91 


28.6 


1B.1 


26.0 


16.5 


58 


41.6 


46.9 


.89 


28.4 


18.6 


25.2 


16.6 


59 


44.9 


48.8 


.92 


29.5 


19.3 


27.1 


17.8 


1960 


45.8 


• 48.9 


.94 


29.7 


19.2 


28.0 


18.1 


61 


47.3 


50.5 


.94 


31.1 


19.5 


29.2 


18.3 


62 


47.8 


51.5 


.93 


31.4 


20.1 


29.2 


18.9 


63 


48.5 


51.8 


.94 


31.6 


20.2 


29.7 


19.0 


64 


48.8 


52.4 


• 93 


32.2 


20.3 


30.0 


18.9 



The curve of unmetered consumption per capita on Diagram 1 shows that in the 
immediate post-war years demand remained almost constant even dropping a little, 
and this condition continued until about 1956. Then a gradual increase became 
apparent the rate of which rose steadily until 1961 after which it almost 
levelled off again just reaching 30 g.p.h.p.d. (adjusted figure - actual average 
of the 6 undertakings - 32.2 g.p.h.p.d.). The rate of increase appears to have 
been highest between 1956 and 1961. 



On the other hand the curve of metered consumption per capita indicates 
that there was a sustained increase between 1946 and 1962 except for the period 
1955 to 1958 when demand remained almost constant at 16.5 g.p.h.p.d. (adjusted) 
18.3 g.p.h.p.d. (actual). 



The rate of increase between 1946 and 1962 appears to have been fairly 
steady except during the period 1952 to 1955 when it almost doubled (an increase 
of 3 g.p.h.p.d. in three years compared with about 3 g.p.h.p.d. in five years). 
It will be seen that this period of enhanced rate of increase coincided in part 
with the period of constant demand for unmetered supplies which is referred to 
above and which is clearly defined on the curve. 



The curve of total metered consumption indicates a fairly even rate of 
increase from 1946 to 1960 except between the years 1955 and 1957 when the con- 
sumption remained almost constant as in the case of the per capita curve, indica- 
ting a fall in the annual rate of increase. 
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Conclusions 



As noted the adjusted curve of metered consumption per capita shows a fairly 
even rate of increase from 1946 until 1955 when it flattens off completely. 

From 1958 to 1962 consumption increased but the curve indicates that it again 
became virtually constant from 1962 onwards. 



As far as a forecast of future trends is concerned there appear to be t 
possibilities, the first a curve projected to the year 2,000 using the last 
years as an indication that the consumption of metered supplies has reached 
peak and will henceforward remain virtually constant at the figure indicate 
1964. If this broad assumption can be accepted then the projection may be 
regarded as the lower limit of the trend zone. 



three 

a 



d for 



In order to project an upper limit it is necessary to have regard to the 
earlier years during which annual consumption was still increasing although at a 
progressively lower rate. 

The curve in Diagram 1 illustrates these differing rates of increase and 
they appear to fall into two sections, one prior to 1955 and the other between 
1958 and 1962. If an average is taken of each of these two distinct rates of 
increase and a simple progression of them is used as a basis, a straight line 
projection to the year 2,000 tangential to the curve at the year 1962 can be 
taken as the top limit of the trend zone- and this is illustrated in Diagram 1. 



In the case of the adjusted curve of unmetered consumption per capita the 
pattern of past demand has been quite different as has been noted. However, the 
upper and lower limits of a trend zone have been assessed in a similar manner 
and are shown in Diagram 1. For the lower limit the average rate of increase 
per capita for the four years 1961 to 1964 has been used, and for the upper 
limit the average has been taken over the years 1953 to 1964. 



The two trend zones thus obtained have been added together and the resulting 
composite zone superimposed for comparison purposes on the original trend zone in 
the preliminary paper. 



The new projection suggests that slightly lower limits than were forecast as 
the result of the earlier exercise may be appropriate. 



The new suggested limits for the year 2,000 are 62 g.p.h.p.d. and 
88 g.p.h.p.d. as compared with the earlier figures of 70 g.p.h.p.d. and 
94.5 g.p.h.p.d. 

For the year 1981 the limits indicated by the trend zone are 55 g.p.h.p.d. 
and 64 g.p.h.p.d. 
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AGRICULTURAL DEMANDS 



Welland and Nene River Authority Area 





SPRAY IRRIGATION 


Source - Acres under 


rrigation 


Total 

Acreage 

under 

Irrigation 


Consumption In Year 
of Maximum Demand 


Water Course 


Ground 

Water 

Acres 


Di rect 
(Summer) 
Acres 


Local 

Storage 

(Winter) 


Seasonal 

Total 


Peak 

Daily 


Average 

Daily 


Acres 


m.g. 


ins. 


m.g.d. 


m.g.d. 


PRESENT 


High value crops 








2,970 


340 


5 


5 


0.9 


(Analysis 


Low value crops 








2,720 


310 


5 


5 


0.8 


of Right) 




H,600 


60 


1,030 


5,690 


650 


5 


10 


1.7 


1971 


High value crops 








4,750 


540 


5 


9 


1.5 




Low value crops 








4,550 


510 


5 


8 


1.4 




Total 


4,650 


3,600 


1,050 


9,300 


1,050 


5 


17 


2.9 


1981 


High value crops 








7,800 


880 


5 


14 


2.4 




Low value crops 








7,500 


850 


5 


14 


2.3 




Total 


5,400 


8,500 


1,400 


15,300 


1,730 


5 


28 


4.7 


2001 


High value crops: 








14,000 


1,600 


5 


26 


4.4 




Low value crops 








13,500 


1,500 


5 


24 


4.1 




Total 


6,300 


18,600 


2,600 


27,500 


3,100 


5 


50 


8.5 



Ultimate 


High value crops 








40,100 


4, 500 


5 


72 


12.5 


(m.a.f.f.*) 


Low value crops 








23,900 


2,700 


5 








Total 


6,300 


55,000 




2,700 


64,000 


7,200 


5 


115 


20.0 



*.Mlnlatry of Agriculture, Piaheriea and Food 
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Great Ouse Hirer Authority 







SPRAY IRRIGATION 


Source - Acres under 


rrigation 




Consumption in Year 
of Maximum Demand 


Water Course 


Ground 

Water 

Acres 


Total 

Acreage 

Irri gat ion 


Direct 

(Summer) 

Acres 


Local 

Storage 

(Winter) 


Seasonal 

Total 


Peak 

Daily 


Average 

Daily 






Acres 


m.g. 


ins. 


m.g.d. 


m.g.d. 


PRESENT 


High value crops 








20,300 


2,300 


5 






(M.A.F.F.* 


Low value crops 








9,700 






18 




census) 


Total 


23,600 


500 


5,900 


30,000 


3,400 


5 


55 


9.3 


1971 


High value crops 








36,200 


4.100 


5 








Low value crops 








22.100 


2,500 


5 


40 






Total 


37,400 


10,400 


10,500 


58,300 


6,600 


5 


106 


18.0 


1981 


High value crops 








53,000 


6,000 


5 








Low value crops 








35,400 


4,000 


5 


64 








47,800 


25,100 


15,500 


88,400 


10, 000 


5 


160 


27.0 


2001 


High value crops 








68,000 


7,700 


5 








Low value crops 








53,000 


6,000 


5 


96 








61,600 


39,700 


19,700 


121,000 


13,700 


5 


219 


37.0 



Ultimate 


High value crops 








68,000 


7,700 


5 


123 


21 


(M.A.F.F.*) 


Low value crops 








62,000 


7,000 


5 


112 






Total 


68,600 


51,700 


19,700 


130,000 


14,700 


5 


235 


40 * 



* Ministry of Agriculture, Fisheries and Food 
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AGRICULTURAL DEMANDS 



East Suffolk and Norfolk River Authority Area 





SPRAY IRRIGATION 


Source - Acres under Irrigation 


^Total 

Irrigation 


Consumption in Year 
of Maximum Demand 


Water Course 


Ground 

Water 

Acres 


Dt rect 
(Sunnier) 
Acres 


Local 

Storage 

(Winter) 

Acres 


Seasonal 

Total 


Peak 

Daily 


Average 

Dally 


Acres 


m. g. 


ins. 


m.g.d. 


m.g.d. 




High value crops 








14,200 


1,610 


5 


26 


4.4 


(1965) 


Low value crops 








14,000 


1,590 


5 


25 


4.4 




Total 


14,100 




14,100 


28,200 


3,200 


5 


51 


8.8 


1971 


High value crops 








20,000 


2,260 


5 


36 


6.2 




Low value crops 








19,600 


2,220 


5 


36 


6.1 




Total 


14.100 


3,000 


22,500 


39,600 


4,480 


5 


72 


12.3 


1981 


High value crops 








26,000 


2.940 


5 


47 


8.1 




Low value crops 








28,000 


3,170 


5 


51 


8.7 




Total 


14,100 


6,500 


33,400 


54,000 


6,110 


5 


98 


16.8 


2001 


High value crops 








26,000 


2,940 


5 


47 


8.1 




Low value crops 








45,000 


5,100 


5 


82 


14.0 




Total 


14,100 


11,800 


45,100 


71,000 


8,040 


5 


129 


22.1 



Ultimate 


High value crops 








26,000 


2,940 


5 


47 


8.1 




Low value crops 








75,200 


8,500 


5 


136 


23.3 




Total 


14,100 






101,200 


11,440 


5 


183 


31.4 



* Ministry of Agriculture , Fisheries end Food 
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Essex River Authority Area 



SPRAY IRRIGATION 







Water Course 




Total 

Acreage 

under 

Irrigation 


of Maximum Demand 






Di rect 
(Summer) 


Local 

Storage 

(Winter) 


Ground 

Water 

Acres 


Seasonal 

Total 


Peak 

Daily 


Average 

Daily 








Acres 




Acres 


m.g. 


ins. 


m.g.d. 


m.g.d. 


PRESENT 




















(1965) 
(Analysis 
of Licences 
of Right) 


High value crops 
Low value crops 








12,000 

3,000 


1,360 

340 


5 

5 


22 

5 


3.7 


Total 


6,500 


4,000 


4,500 


15,000 


1,700 


5 


27 


4.6 


1971 


High value crops 








16,200 


1.830 


5 


29 


5.0 




Low value crops 








5,100 


580 


5 


9 






Total 


6,500 


9,500 


5,300 


21,300 


2,410 


5 


38 


6.6 


1981 


High value crops 








22,000 


2,490 


5 


40 






Low value crops 








8,000 


900 


5 


14 


2.5 




Total 


8,500 


15,500 


6,000 


30,000 


3.390 


5 


54 


9.3 


2001 


High value crops 








25,000 


2,830 


5 








Low value crops 








12,000 


1,360 


5 


22 






Total 


11,000 


18,500 


7,500 


37.000 


4, 190 


5 


67 


11.5 



Ultimate 


High value crops 








25,000 


2,830 


5 


45 


7.8 


(M.A.F.F. *) 


Low value crops 








28,000 


3.170 


5 


51 


8.7 




Total 


21,000 


22,500 


9,500 


53,000 


6,000 


5 


96 


16.5 



* Ministry of Agriculture, Fisheries and Food 
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AGRICULTURAL DEMANDS 



Lee Conservancy Catchment Board Area 





SPRAY IRRIGATION 


Source - Acres under Irrigation 


Total 

Acreage 

under 

Irrigation 


Consumption in Year 
of Maximum Demand 


Water Course 


Ground 

Water 


01 rect 
(Summer) 
Acres 


Local 

Storage 

(Winter) 

Acre6 


Seasonal 

Total 


Peak 

Dally 


Average 

Daily 


Acres 


m.g. 




m.g.d. 


m.g.d. 


PRESENT 


High value crops 








2,500 


280 


5 


5 


0.8 




Low value crops 








750 


90 


5 


1 


0.2 




Total 


3,000 




250 


3,250 


370 


5 


6 


1.0 


1971 


High value crops 








3,650 


410 


5 


7 


1.1 




Low value crops 








1,100 


120 


5 


2 


0.3 




Total 


4,000 




750 


4,750 


530 


5 


9 


1.4 


1981 


High value crops 








5,700 


640 


5 


10 


1,8 




Low value crops 








1,800 


200 


5 


3 


0.5 




Total 


5,700 




1,800 


7,500 


840 


5 


13 


2.3 


2001 


High value crops 








5,700 


640 


5 


10 


1.8 




Low value crops 








2,900 


330 


5 


5 


0.9 




Total 


6,800 




1,800 


8,600 


970 


5 


15 


2.7 





Other 

Demands 

(e.g. 

Stock) 




m.g.d. 




8.0 




8.0 




8.0 




8.0 



Ultimate 


High value crops 








5,700 


640 


5 


10.0 


1.8 


Limits 

(m.a.f.f.*) 


Low value crops 








6,800 


770 


5 


12.0 


2.1 


Total 


11,000 




2,500 


12,500 


1,410 


5 


22.0 


3.9 



* Ministry of Agriculture, Fisheries and Food 

NOTE: 'Other demands’ include those for horticulture (cultivation under glass) 
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Thames Conservancy Area 





SPRAY IRRIGATION 


Source - Acres under 1 


rigation 


Total 

Acreage 

under 

Irrigation 


Consumption In Year 
of Maximum Demand 


Water Course 


Ground 

Water 


Direct 

(Sumner) 

Acres 


Local 

Storage 

(Winter) 

Acres 


Seasonal 

Total 


Peak 

Daily 


Average 

Daily 


Acres 


ra.g. 


ins. 


m.g.d. 


m.g.d. 


PRESENT 


High value crops 








7,000 


800 


5 


13 


2.2 




low value crops 








9,000 


1,000 


5 


16 


2.7 


CENSUS) 


Total 


12,800 


160 


3,0110 


16,000 


1,800 


5 


29 


4.9 


1971 


High value crops 








11,500 


1,300 


5 


21 


3.6 




Low value crops 








14,300 


1,600 


5 


26 


4.4 




Total 


18,200 


2,600 


5,000 


25,800 


2,900 


5 


47 


8.0 


1981 


High value crops 








13,600 


1,550 


5 


25 


4.3 




Low value crops 








23,000 


2,600 


5 


42 


7.1 




Total 


23,600 


5,800 


7,200 


36,600 


4,150 


5 


67 


11.4 


2001 


High value crops 








13,600 


1,550 


5 


25 


4-3 




Low value crops 








40,000 


4,500 


5 


72 


12.0 




Total 


32.200 


10,700 


10,700 


53,600 


6,050 


5 


97 


16.3 



Ultimate 


High value crops 








13.600 | 1,550 


5 


25 


4.3 




Low value crops 








61,400 j 6,950 


5 


111 


19.1 




Total 








75,000 | 8,500 


5 


136 


23-4 



* Ministry of Agriculture, Fisheries and Food 
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AGRICULTURAL DEMANDS 



Kent River Authority Area 





SPRAY IRRIGATION 


Source - Acres under 


rrigation 


Total 

Acreage 

Irrigation 


Consumption in Year 
of Maximum Demand 


Water Course 


Ground 

Water 


Di rect 
(Sumner) 


Local 

Storage 

(Winter) 

Acres 


Seasonal 

Total 


Peak 

Daily 


Average 

Daily 


Acres 


m. g. 


ins. 


m. g.d. 


m.g.d. 




High value crops 








13.000 




5 






(M.A.F.F.* 


Low value crops 








3,050 




5 






Census) 


Total 








16,050 




5 






PRESENT 

(1965) 


High value crops 








16,450 


1,860 


5 


30 


5.1 


(Analysis of 


Low value crops 














7 




Licences of 
Right) 


Total 


16,970 


610 


2,510 


20,090 


2,270 


5 


37 


6.2 


1971 


High /alue crops 








23,250 


2,630 


5 


42 


7.2 




Low value crops 








4,920 


560 


5 


9 


1.5 




Total 


20,000 


5,030 


3,140 


28,170 


3,190 


5 


51 


8.7 


1981 


High value crops 








34,600 


3,920 


5 


63 


10.7 




Low value crops 








6,900 


780 


5 


12 


2.1 




Total 


20,000 


18,360 


3,140 


41,500 


4,700 


5 


75 


12.8 


2001 


High value crops 








49,340 


5,580 


5 


89 


15.3 




Low value crops 








10,800 


1,220 


5 


20 


3.3 




Total 


20,000 


37,000 


3,140 


60,140 


6,800 


5 


109 


18.6 



Ultimate 
Limi ts 
(M.A.F.F.*) 


High value crops 








49,340 


5,580 


5 


89 


15.3 


Low value crops 








23,710 


2,680 


5 


43 


7.3 




Total 


20,000 


49,290 


3,760 


73,050 


8,260 


5 


132 


22.6 



* Ministry of Agriculture, Fisheries and Food 
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Sussex River Authority 





SPRAY IRRIGATION 


Source - Acres under 1 


rrigation 


Total 

Irrigation 


Consumption in Year 
of Maximum Demand 


Water Course 


Ground 

Water 

Acres 


Direct 

(Summer) 


Local 

Storage 

(Winter) 

Acres 


Seasonal 

Total 


Peak 

Daily 


A [£ny e 


Acres 


m.g. 


ins. 


m.g.d. 


m.g.d. 


‘ PRESENT 
(i9oS) 


High value crops 








3,250 


368 


5 


6 


1.0 




Low value crops 








3.250 


368 


5 


6 


1.0 




Total 


3,900 


650 


1,950 


6,500 


735 


5 


12 


2.0 


1971 


High value crops 








5,000 


565 


5 


9 


1.6 




Low value crops 








5,000 


565 


5 


9 


1.6 




Total 


11,700 


2,200 


3,100 


10,000 


1,130 


5 


18 


3.2 


1981 


Hi gh value crops 








5,600 


630 


5 


10 


1.7 




Low value crops 








7,250 


820 


5 


13 


2.2 




Total 


5,000 


3,700 


4,150 


12,850 


1,450 


5 


23 


3.9 


2001 


High value crops 








5,600 


630 


5 


10 


1.7 




Low value crops 








11,500 


1,300 


5 


21 


3-6 




Total 


5, 000 


6,050 


6,050 


17,100 


1,930 


5 


31 


5.3 





Other 

Demands 

(«.g. 

Stock) 








5 




6 




7 




10 



Ultimate 


High value crops 








5,600 


630 


5 


10 


1.7 


Limits 

(M.A.F.F.*) 


Low value crops 








26,400 


2,970 


5 


48 


8.1 


Total 








32,000 


3,600 


5 


58 


9.8 



* Ministry of Agriculture, Fisheries and Food 
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AGRICULTURAL DEMANDS 



Hampshire River Authority Area 





SPRAY IRRIGATION 


Source - Acres under 


rrigation 


Total 

Acreage 

under 

Irrigation 


Consumption in Year 
of Maximum Demand 


Water Course 


Ground 

Water 

Acres 


Di rect 
(Summer) 
Acres 


Local 

Storage 

(Winter) 


Seasonal 

Total 


Peak 

Daily 


Average 

Daily 


Acres 


m.g. 


ins. 


m. g.d. 


m.g.d. 


PRESENT 


High value crops 


1,486 






1,486 


170 


5 


3 


0.5 


(1963) 


Low value crops 


1,587 




327 


1,914 


220 


5 


4 


0.6 




Total 


3,073 




327 


3,400 


390 


5 


7 


1.1 


1971 


High value crops 


1,774 


622 


172 


2,568 


290 


5 


5 


0.8 




Low value crops 


2,018 


748 


546 


3,312 


370 


5 


6 


1.0 




Total 


3,792 


1,370 


718 


5,880 


660 


5 


11 


1.8 


1981 


High value crops 


2,009 


1,654 


261 


3,924 


450 


5 


7 


1.2 




Low value crops 


2,667 


1,581 


828 


5,076 


580 


5 


9 


1.6 




Total 


4,676 


3,235 


1,089 


9,000 


1,030 


5 


16 


2.8 


2001 


High value crops 


1,477 


2,223 


260 


3,960 


450 


5 


7 


1.2 




Low value crops 


3.657 


3,063 


1.320 


8,040 


900 


5 


14 


2.5 




Total 


5,134 


5,286 


1,580 


12,000 


1,350 


5 


21 


3.7 



Ultimate 
Li mi ts 

(m.a.f.f.*) 


High value crops 








3.960 


450 


5 


7 


1.2 


Low value crops 








8,040 


900 


5 


14 


2.5 




Total 








12,000 


1,350 


5 


21 


3.7 



* Ministry of Agriculture, Fisheries and Food 
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Avon and Dorset River Authority Area 







SPRAY IRRIGATION 






Source - Acres under lr 


ri gat ion 


Total 

Acreage 








Water Course 




of Maximum Demand 






Di rect 


Local 

Storage 

(Winter) 


Ground 

Water 


Irrigation 


Seasonal 

Total 


Peak 

Daily 


Average 

Daily 






Acres 




Acres 


m.g. 


ins. 


m.g.d. 


nug.d. 


PRESENT 
, (1965) 


High value crops 


1,000 




330 


1,330 


150 


5 


2 


0.4 


(Analysis 
of Licences 
of Right) 


Low value crops 
Total 


8.300 

9.300 


200 

200 


3,200 

3.530 


11,700 

13,030 


1,325 

1,475 


5 

5 


21 

23 


3.6 

4.0 


1971 


High value crops 


1, 210 




450 


1,650 


190 


5 


3 


0.5 




Low value crops 


10,250 


400 


3,590 


14, 250 


1,610 


5 


26 


4.4 




Total 


11,1160 


400 


4,040 


15,900 


1,800 


5 


29 


4.9 


1981 


High value crops 


1,710 




550 


2,250 


250 


5 


4 


0.7 




Low value crops 


10,250 


400 


3,590 


14, 250 


1,610 


5 


26 


4.4 




Total 


11,960 


400 


4,140 


16,500 


1,860 


5 


30 


5.1 


2001 


High value crops 


1,710 




550 


2,250 


250 


5 


4 


0.7 




Low value crops 


10, 250 


400 


3,590 


14,250 


1,610 


5 


26 


4.4 




Total 


11,960 


400 


4,140 


16,500 


1,860 


5 


30 


5.1 



Ultimate 


High value crops 


1,710 




550 


2,250 


250 


5 


4 


0.7 


(m.A.F.F.-) 


Low value crops 


10, 250 


400 


3,590 


14,250 


1,610 


5 


26 


4.4 




Total 


11,960 


400 


4,140 


16,500 


1,860 


5 


30 


5.1 



* Ministry of Agriculture, Fisheries end Food 
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Appendix IV 



POTENTIAL RESOURCES 



Welland and Nene River Authority Area 



Probabl e 
Yield 
n.g.d. 



Basis of 
Yield 

Computation 



Schemes specific to inmediate local needs 



minimum 

1.0 

minimum 



Peterborough, Greatford 
Area - further water- 
cress beds. 



Aslackby & Rlppingly - 
boreholes in Lines 
1 Imestone. 



Nene Valley - 
development of existing 
abstractions - gravels. 

Sywell Reservoir (zi 
miles N.E. of Northampton) 
- construction of a dam 
downstream of existing 
dam and operation of 
pumped storage scheme - 
River Nene or local 
gravels. 



Major schemes for supply within r 

Intakes on River Nene in 
the El ton /Wansf ord area 
(8 miles west-south-west 
of Peterborough) and on 
River Welland in the 
Tixover/Ouddington area 
(5 miles south-west of 
Stamford) with pumped 
storage reservoirs at 
Emplngham and Manton. 

Regional schemes 

None. 

Barrages 

The Wash. 



Experience of 
existing 
gravel sources 



information 
from previous 
or present 
owners 



Experience of 
existing 
gravel 
sources 

Increase In 
storage from 
200 to 2,000 

m.g. 1943/44 
river flows 



Approximate cost 
del I vered to ser- 
es reservoirs 
(pence per 
thousand gallons)* 



Higham Ferrers 
A Rushden Water 
Board area 



Peterborough 
City and 
southern part 
of present 
South Lincoln- 
shire Water 
Board area 

Peterborough 



Mid- 
Northamptonshire 
Water Board, 
Higham Ferrers & 
Rushden Water 
Board areas 



Mid- 
Northamptonshire 
Water Board area 



For comparison the 

for supplies in this 
area is approximately 



This source. In the 
Lincolnshire River 
Authority area, would 
be of considerable 
value. 



Land submerged: 
additional 150 acres - 
classification 4G/2A. 



Land submerged: 
3,000 acres - 
classification bag. 
(Emplngham) 



Land submerged: 

1,600 acres - 
classification 3G/2A. 
(Manton) 
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Great Ouse River Authority Area 













Approximate Cost 




i 


Location, Source, 
Type of Scheme 


Probabl e 
Yield 
m.g.d. 


Basis of 
Yield 

Computation 


Distribution 

Area 


delivered to ser- 
vice reservoirs 
(pence per 
thousand gallons)* 


Remarks 


5 










under 


24 to 
















24 


36 


36 




















comparison 


















c oat delivered to 


















for present sup- 
plies is approxi- 
mately 17 pence per 




















(i) 


Schemes specific to immediate local needs 












1 


Mel bourn - chalk borehole. 


3.0 


Test pumping 


Cambridgeshire 


/ 








2 


Brandon - chalk borehole. 


0.5 




Mi ldenhall, 
Suffolk 


/ 








3 


Millington - greensand 
borehole. 


1.0 




King's Lynn 


/ 








4 


Slip End - chalk borehole. 


1.0 




Hertfordshire 


/ 








5 


Wendens Ambo - chalk bore- 


1.5 






/ 










hole. 




Estimates 


Essex 










6 


Little Chesterford - chalk 


1.5 to 


on° 




/ 










borehole. 


2.0 


percolation 


Essex 










7 


Houghton, St. Ives, Hunts - 
gravel borehole. 


0.5 




Huntingdonshi re 


/ 








8 


Spring Lodge - chalk 








/ 










borehole. 






District 










9 


Barrow Heath - chalk 
borehole. 


2.0 




West Suffolk 


/ 








10 


Ixworth - chalk - increased 
abstraction from borehole. 


1.1 


Test pumping 


West Suffolk 


/ 








<M 


Major schemes for supply wi 


thin river 


authori ty area 






/ 






11 


Stoke Ferry - intake on 
River Wissey and flood 


6 


Estimate 


King's Lynn 












rel i ef channel . 
















12 


Stewartty bri ckpi ts - 


,10 to 
*20 


See remarks 






(?)/ 




/ Depends on number 




storage. 












of brick pi ts 
















available: yield 


















severely reduced 
by 17. 


(Mi) Regional schemes 










/ 








Diddington (Graf ham 


e5l5 










& Yield dependent 


















on m.a.f. to be 




the River Bedford Ouse. 




1933-64 










imposed at Browns- 
hi 11 staunch. 


14 


Abbots ley - pumped 


32 


records 






/ 




Land sutmerged: 




storage reservoir. 




















>Report on 
The Water 






/ 




and 2A.. 
Supersedes 13. 




Ely Ouse - river 


22 


Resources 










abstraction discharging 


















to Essex Rivers. 




Basin) 






/ 








Great Bradley - pumped 


59 










Land sutmerged: 




storage reservoir. 














classification 
5A and 2A 
Supersedes 15. 
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Great Ouse River Authority Area (contd.) 



I 



a 



Location, Source 
Type of Scheme 



Probable 

Yield 

m.g.d. 



Basis of 
Yield 

Computation 



Distribution 



Approximate Cost 
delivered to ser- 
vice reservoirs 
(pence per 
thousand gallons) 



under 24 to 
24 36 






Remarks 



(il 

17 



i) Regional schemes 
Whitchurch, near 
Aylesbury - pumped 
, storage reservoir. 



18(a) Chalk aquifer (first 
stage): controlled 
abstraction of natural 
percolation. 

(b) Chalk aquifer (second 
stage): regulation or 
recharge of surface 
run-off. 



29 



1933-64 
river flow 
records (see 
Report on 
Ihe Water 
S Resources 
of the 
Great Ouse 
Basin) 



, (Theoretical 
assessment) 



Land submerged: 
1,600 acres - 
classification 4G. 
Supersedes 12. 

To be reviewed in 
conjunction with 
proposals for 
abstraction from 
River Thames (see 
Thames 16). 



Stated yields avail- 
able for "export" 
after maintaining a 
/ flow of 70 m.g.d. at 
v Denver sluice. 



Alternative to 16 and 
would supersede 15. 



(iv) Barrages 
19 me Wash. 



As above 

400- (reliability 

620 curves of 

cumulative 
run-off) 



J FI ve years requ i red 
for Investigation 
and preliminary 
designs, eight to 
ten years for 
construction. 
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East Suffolk and Norfolk River Authority Area 



Benhall - chalk borehole. 



Walpole - chalk borehole. 



Probabl e 
Yield 



s specific to inroediate local needs 

Pilot bore 



0.26 

0.75 

0.43 

0.75 



Major schemes for supply within 

Washbrook, near Ipswich. 

Pumped storage, direct 
supply reservoir on 
Bel stead Brook 5,000 m.g. 

'rage. Abstraction from 
.. Glpplng at Ipswich and 
direct run-off. 

Extension of above scheme 
by intake on Essex Stour 
regulated from Ely Ouse. 



Pumping from 
chalk wells 
into head- 
, waters of 
rivers to 
sustain 
flows. 



(iii) Regional schemes 
None. 



Comparison 
wi th other 
bores nearby 

Compari son 
wi tn other 
bores nearby 

Compari son 
wi tn other 
bores nearby 

uthority area 

Water 



Board esti- 
mate of avai- 
lable run- 



Water 
Resources 
Board esti- 
mate of avai- 
lable run- 



off 



Estimate of 
'percolation 
'nto chalk 



Halesworth 

Blyth 

Blyth 

Blyth 



Sizewell nuclear 
power station & 
Blyth 



Lowestoft 
Norwich 
Great Yarmouth 



Approximate Cost 
.del i vered to ser- 
vice reservoirs 
(pence per 
thousand gallo ns)* 
under 24 to over 



24 



36 



son, the 
red to 

auppl lea 



thousand gallon 



Land submerged: 

700 acres (full 
scheme) - 

classification 2A - 
Under consideration 
by Ipswich C.B.C. 



Abstraction via 
gravels lower down 
river suggested for 
Waveney. Elsewhere 
water could be 
abstracted direct 
near tidal limit. 
Water abstracted 
frcm Stiffkey (other- 
wise too physically 
remote to be consi- 
dered as a source) 
could be conveyed by 
R. Bure to Great 
Yarmouth area. 

Tests have been car- 
ried out on the 
R. Wensum near 
Norwich. 
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East Suffolk and Norfolk River Authority Area (contd. ) 



I 

1 


Location, Source, 
Type of Scheme 


Probable 

Yield 

m.g.d. 


Basis of 
Yield 

Computation 


Distribution 

Area 


Approximate Cost 
del ivered to ser- 
vice reservoirs 
(pence per 
thousand gallons)* 


Remarks 


under 

24 


24 to 
36 


over 

36 


(iv) 

12 


Barrage schemes 

Barrage on R. sure at 
Acle _or Great Yarmouth to 
raise water level 1-2 ft. 
storage in existing 
rivers and Broads. 


15 


Hydrol ogical 

survey 

estimate 


Norfolk and 
North Suffolk 


/ 






Would affect 
navigational, 
recreational and 
naturalist interests. 
No land would be 
flooded but locks 
would be needed and 
conditions might be 
at least temporarily 
affected in nature 
reserves. 
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Essex River Authority Area 



Appendix IV 



Probable 

Yield 

m.g.d. 



Major schemes for supply within 

Abstraction frcm R. Colne 
at lowest point - 
storage of flood water at 
Ardleigh 



Abstraction fran R. Colne 
at Earls Colne - storage 
of flood water at Halstead 



Schemes specific to inriediate local needs 
Flatford Mill/ 

Stratford St. Mary - 
direct river abstraction - 
R. Stour (stour reci rcu- 
lation scheme). 



Abberton Reservoi r - 
installation of pumps and 
mains to take flood water 
from river to reservoir - 
R. Roman. 



Cumulative 
mass curve 
for years 
1933/35 and 
1947/50 



Not suffi- 
ci ent data 
for more than 
good guess. 
1964/65 run- 
off figures 
show esti- 
mate of right j 
order 



Approximate Cost 
del i vered to ser- 

(pence per 
thousand gallons)* 



under 24 to over 
36 



Mai don. Storage reservoir 
to store flood 
flows of R. Chelmer/ 
Blackwater. 



gates tone. Pumped 
storage reservoir, 
to store flood 
waters of R. Roding plus 
small supply from 
R. Wid. 



Records j Col Chester/ 

extended for • 

30 years by 
correlation 
between Stour 
and Colne 



• jTendring 



Records 
extended for 
30 years ty 
correlation 
between Stour 
and Colne 



Long period 
recorded 
river flows 



Initially 

hydrological 

survey 

report. Also 
ty synthetic 
mass run-off 
curve for 
1933/35 



Regional schemes 

None - other than Great Bradley included under Great Ouse Rive 



Barrages 

Crouch estuary. 



Consultants’ 
rough pre- 
liminary 
estimate 
based on run- 
off records 



tely 19 



er thoua 
, whilst 
t of water 
nningficld 
t 29 pence 



land 



Land submerged: 
200 acres 
Ardleigh site - 
classification 2A 



Land submerged: 



400 a 



Halstead si te - 
classification 
Possibil i ty of .. 
creased yield usi 
water from Great 
Ouse area. 



2A. 



Land submerged: 
1,365 acres - 
classification 6AG. 



Land submerged: 

(two reservoirs): 
500 & 345 acres - 
classification 6AG. 



Scheme not econcmi- 
cally attractive. 
Strong amenity ob- 
jections likely. 

Land drainage pro- 
s. Scheme only 
1 e at al 1 if 
effluent received 
at all times. 
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POTENTIAL RESOURCES 



Lee Conservancy Catchment Board Area 



Probable 

Yield 

m.g.d. 



Yield 

Computation 



Approximate Cost 
delivered to ser- 
/ice reservoirs 
(pence per 
tho usand gallons)* 
der 24 to over 
24 36 36 



Schemes specific to immediate local needs 



Major schemes for supply within Catchment Board a 

None - but see (iii) below. 



Bishops Stortfbrd 
& Stansted 
Mountfi tchet 
distrl cts 



Regional schemes 

Cobbins Brook near 
Wal tham Abbey - 
pumped storage reservo i 

(18,000 - 20,000 m.g.). 



Barrages 

None. 



1943/44 
Thames and 
Lee flows: 
assuming 
reservoir 
followed 
inmediately 
upon the 
construc- 
tion of 



■aysbury 
_.d Da tone 
(Hetropol i 
tan Water 
Board) 
reservo i r: 
in Thames 
Valley 



let 



coat delivered to 

for present sup- 
plies in this area 
excluding Metro- 
politan Water Board 
is approximately 15 
pence per thousand 
gallons. The cost 
in the Metropolitan 
Water Board' s area 
is about 37 pence 
per thousand 
gallons. 



Licence granted by 
Catchment Board for 
10 years - order 
awai ted. 



Land submerged: 
1,700 acres - 
classification 2A - 
but including a 
sewage farm. 

Scheme Involves 
transfer of Thames 
water to storage in 
Lee area. The 
diversion of roads 
and an electricity 
supergrld trans- 
mission line would 
be required. 
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Thames Conservancy Area 



Schemes specific to immedi 



ncreased abstraction - 
R. Wlndrush, Worsham 
Waterworks, Witney. 

Direct abstraction - 
R. Thames, Chertsey. 



ate local needs 

Flow records 



Between North! each and 
Bourton-on-Water - 
borehole. 



Klngsclere - chalk - 
additional boreholes at 
existing well station. 



(average) 

day) 



Banbury 
Guildford a 
Oxford 



North-West Surrey 



Approximate Coat 
del i vered to ser- 
vice reservoirs 
(pence per 
thousand gallons)* 



ider 24 to over 



for present sup- 
plies in this area 
excluding Metropo- 
litan Water Board, 
is approximately 
22 pence per thou- 
sand gallons. The 
cost in the 
Metropolitan Water 



Possible acquisition 
of two existing 
boreholes from the 
Ministry of Defence. 

Partly for use out- 
side Thames 
catchment. 



Yield estimated seme 
years ago - now a 
possible risk of 
overpumping the 
catchment. 

Doubtful whether the 
Company will proceed 
with this proposal. 
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Thames Conservancy Area (contd.) 



Probable 

Yield 

m.g.d. 



Baals of 
Yield 

Computation 



S roximate Cost 
ivered to ser- 
vice reservoirs 
(pence per 
thousand gallons)* 



Major schemes for 



upply within Conservancy area 

Estimate of 



Regional schemes 

Pumped storage reservoirs 
at Waddesdon and 
Whitchurch, near 
tylesbury, intake on 
R. Thames near 
Mechienham. 



Berks, East Wilts and 
Oxon - boreholes. 

Ground water to be 
abstracted frcm chalk 
and oolite aquifers to 
regulate flow of river. 



30-1971 

125-1981 

200-1991+ 



sible 



s for 



large regulating 
reservo i rs:- 
Bampton (45,000 m.g.) 
Enbome [55,000 m.g.) 
Otmoor (32,000 m.g.) 



Direct river abstraction 
at Sunnymeads near 
Windsor. 



Increased abstraction 
frcm R. Thames for 
Metropolitan Water Board. 



1943/44 
river flows: 
allowing for 
prior claims 
of Metro- 
pol i tan 
Water Board 
reservoirs 



Consul tant's 
estimate, 
based on 
hydro- 
geological 
study of area 



/ 

(Upper 

Thames) 



1943/44 

river 

flows 



15 - 1971 
35 - 1981 
85 - 2001 



Colne Valley, 

Rl ckmansworth & 
Uxbridge Valley, 
A Lee Valley 



Greater London 



/ 

( Bucks, 

London, 

Colne 

(Thames), 

Upper 

Lee 4 

South 

Essex) 



/ 

(upper 

Thames) 



V 

(Other 

areas. 



Consent given for 
drilling and test 
pumping only. 



Land sutmerged: 



1,700 acres - 
classification 3G 
and 2A; Whitchurch 
1,600 acres - 
classification 4G. 
Reservoirs about 
20 miles from 
intake. Waddesdon 
site adjacent to 
National Trust 
land. (To be 
reviewed in con- 
junction with Great 
Ouse proposals; 
see Great Ouse 
scheme 17.) 

Will ensure direct 
river supplies for 
statutory water 
undertakings and 
other users. Total 
cost about £8 mi 11 i or 
Cost at abstraction 
points about 3 pence 
per thousand gallons- 
additiona-1 costs for 
pumping charges and 
for mains frcm ab- 
straction to supply 
points, possible 
opposi tion from sta- 
tutory water under- 
takings using bore- 
holes in the Thames 
Valley. 

Classification of 
land sutmerged; 
Bampton 3G, 6,000 
acres, 

Enborne 9H and 6AG, 
7,500 acres, 

Otmoor 7G, 3,000 
acres. Yields 
require detailed 
analysis and should 
not be added. 
Development unlikely 
during the next 20 
years If ground- 
water scheme achieves 
estimated yield. 



No barrage proposals 
for the Thames have 
been considered by 
the Ccrrmittee. 
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Kent River Authority Area 















ximate Cost 














del i vered to 






i 


Location, Source, 
Type of Scheme 


Probabl e 
Yield 
m.g.d. 


Basis of 
Yield 

Computation 


Distribution 

Area 


vice reservoirs 
(pence per 
thousand gallons)* 


Remarks 


k 








nnrlAf 


24 to 


OV Ar * 














24 


36 


36 




















* For comparison, the 


















cost delivered to 




































plies in this area 




































16 pence per 


(i) 


Schemes specific to immediate local ne 


ieds 










thousand gallons. 


i 


Eastry - ground voter. 


2.5 




lhanet 


y 






Dependent on cessa- 


2 


Knowl ton - ground water. 








/ 






tion of discharge of 
coal mine drainage on 


















to the chalk outcrop. 


3 


Flngleshan - ground water. 


1.0 




Thanet 


/ 








4 


Lower Hardres - ground 
water. 


1.5 




lhanet 


/ 








5 


Temple Ewell - ground 
water. 


1.5 




Dover 


/ 








6 


Foul ton Farm - ground 
water. 


1.0 


Engineers' 

estimate 


Dover 


/ 








7 


Alkhan - ground water. 


1.0 


of perco- 
lation, 


Folkestone 


/ 








8 


Acrlse/Denton - ground 




catchment 


Fol kestone 


/ 










water. 




fete.. 












9 


Denge Beach - ground 
water. 


1.0 


together 
with local 


Fol kestone 


/ 












knowledge 












10 


Chartham - ground water. 


3.0 


aqu i fer 


Can tertury/Mi d- 
Kent 


/ 






bependent upon ab- 
straction of addi- 




Ch Ilham - ground water. 


















3.0 




Mid-Kent 


/ 






bquifer to supplement 
[low flows in R. Stour. 


Harrl etsham - ground 


12 


0.5 




Mid-Kent 


/ 






water. 




13 


Rolvenden - ground 
water. 


0.5 




Mid-Kent 


/ 








14 


Maytham - ground water. 


0.5 




Mid-Kent 


/ 








15 


Ridley - ground water. 


0.5 




Mid-Kent 


/ 








16 


Bodiam - ground water. 


1.0 


Test pumping 


Eastbourne 


/ 








17 


Littleboume - ground 


1.0 






/ 










water. 




etc. 












18 


Northboume - ground 


1.0 


Percolation, 


lhanet 


/ 










water. 




etc. 












19 


Belmont (extra frcm exis- 
ting ground water source). 


1.0 


Test pumping 


Medway /Mai dstone 


/ 








20 


Sell ing/Bough ton street 
(extra frcm existing 
ground water source). 


1.0 


Test pumping 


Medway /Maidstone 


/ 








21 


Highsted (extra from exis- 
ting ground water source). 


1.0 


Test pumping 


Medway /Mai dstone 


/ 








22 


Stocktxiry - ground 


1.0 


Percolation, 


Medway/Mai dstone 


/ 










water. 




etc. 












(H) 


Major schemes for supply w 


thin river 


authority area 












23 


Broadoak - R. Stour - 


14 


Limi ted 


North-East Kent 




/ 




Intake below 


pumped storage reservoir. 




records of 
river flow 










Canterbury. 
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Kent River Authority Area (contd. ) 



O 


Location, Source, 
Type of Schume 


Probable 

Yield 


Basis of 
Yield 

Computation 


Distri but ion 
Area 


Approximate Cost 
del ivered to ser- 
v i ce reservo 1 rs 
(pence per 
thousand gallons) 


Remarks 








under 

24 


24 to 
36 


over 




24 

25 


Bewl Bridge - R. Medway 
and tributaries - pumped 
storage reservo i r - 
(6,900 m.g.). 

Lamberhurst, Winbrldge or 
Dundle (Pembury) - 
R. Medway and trlbutaries- 
further reservo I rs for 
invest! gatlon. 


4 

to 

25 

15 


Limited river 
flow records 
and assumed 
minimum 
accepts bl e 
flows. Prac- 
ticable full 
development 
of catchment 
area 


Medway/ 

>Mid-Kent/ 

Maidstone 




✓ 




Land submerged : 800 
acres. To be deve- 
loped in stages. 
Statutory powers to be 
sought shortly. 


26 

27 


Rol venden/Newenden - 
R. Rother - pumped storage 
reservoir. 

Turks Bridge - R. Rother - 
impounding reservoir. 


12 

5 


Limited river 
flow records 

Limited river 
flow records 


Mid-Kent 

Eastbourne & 
Mid-Sussex 




✓ 

■J 




The yields are NOT 
additive. Further 
preliminary investi- 
gation required. 
Schemes 23 to 27 
would use land 
classification 6AG. 


(Hi) 


Regional schanes 


















None 
















(iv) 


Barrages 


















None 
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Sussex River Authority Area 



Schemes specific to irradiate local needs 

Waller's Haven, Ninfield - 
pumped storage reser- 
voir - additional yield 
to Hazards Green. 

Penhurst - borehole in 
Ashdown Sands. 

Cradle Valley, Alfriston- 
borehole in chalk. 

Pulborough - boreholes in 
Lower Greensand. 



Bulvertiythe Level - 
Impounding reservoir on 
Combe Haven up to 1,600 m.g. 



R. Cuckmere - pimped 
storage reservoir in 
tributary valley - 770 m.g. 



Major schemes for supply within r 



lional schemes 

Havant - Chichester - 
Arundel area between 
South Downs and the coast 
west of R. Arun - chalk 
boreholes to develop 
chalk catchment fully. 

Barrages 

Chichester Harbour - 
partly pumped storage 
frcm R. Arun 

12.000- 14,000 m.g. nett 
storage with T.W.L. 

7. 0- 8.5 0.D, 



Mean run-off 
and storage 
capaci ty 



Consultant's 
estimate on 
stream flows 



Storage 
capacity and 
river gaugings 
since 1959 



Percolation 
into chalk 
formation 



Run-off in 
3 dry-year 
period 



Eastbourne 

Eastbourne 



North-West 
Sussex Water 
Board 



Approximate Cost 
delivered to ser- 
vice reservoirs 
(pence per 
thousand gallons)' 



t deliver 



rvoirm 



for prea __ r - 

pliem in thla area 
la approximately 
12 pence per thov- 
• and gall one for 
ground-water and 
20 pence per thou- 
sand gal lot 



aurfac 



water 



Scheme put forward 
ty Rl ver Authori ty 
as being prima facia 
feasible on hydro- 
logical grounds. 

Land submerged: 125 
acres - classifica- 
tion 6AG and 7G. 
Exploratory borings 
now in progress. 



Land submerged — 
classification 6AG. 
More than one im- 
pounding reservoir 
would be required 
to achieve this 
yield - but source 
could be developed 
in stages. 



This scheme Is to a 
1 imi ted extent an 
alternative to (9) 
below. 



Only a brief preli- 
minary investiga- 
tion of this scheme 
has been made based 
on direct run-off 
and pumped storage 
of winter flows 
fran the R. Arun. 

No unit cost esti- 
mate has yet been 
made. 
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Hampshire River Authority Area 













Approx 


mate C< 


St 














del ivered to 


er- 














vice reservoirs 






Location, Source, 
type of Scheme 




Basis of 




(pence per 




Remarks 


* 


Yield 




Area 


thousand gallons) 


I 


m.g.d. 






under 


24 to 


over 




t 










24 


36 


36 




















•For comparison, the 


















coat delivered to 


















service reservoirs 


















for present sup- 
plies in this ares 


















is approximately 


















18 pence per 
thousand gallons. 


(i) 


Schemes specific to immediate local needs 














Meon Valley - chalk 


2.0 


Pumping test 


Portsmouth 












borehole. 








/ 












2.0 


Estimate of 


North Hampshire 










chalk beds - boreholes. 


to 


















, 0.5 


Present yield 


Winchester 


/ 






Present abstraction 
2.0 m.g.d. 




















well . 


tional) 






/ 








4 


Broughton - chalk 
borehole. 


0.5 


Present yield 


North Hampshire 






Present abstraction 
.38 m.g.d. 


/ 




Ibthorpe - chalk 


0.3 




North Hampshire 










borehole. 


3.0 


[Estimate of 
percolation 


Winchester 


/ 








6 


Winchester area - chalk 
borehole. 
















(U) 


Major schemes for supply wi 


thin river 


authority area 










Land submerged: 350 






5 


Depletion 


Portsmouth 








acres - classifies- 




at Havant and Bedhampton 
and surplus water from 
R. Erns. impounding 
reservol r 1,500 m.g. 
capacity. 




curve 










storage scheme. 
Yield supported by 
long-term (1900) 
records. May be 


















Itchen abstraction 
scheme Is developed. 


8 


Below Eastleigh - 

R. Itchen - direct river 

abstraction. 


15 


River flow 
records 


Portsmouth 


/ 






Feasible and economic 
- could lead to 
further development 
with pumped storage 
or regulating schemes, 


9 


R. Test - direct river 


20 


River flow 


Southampton 


/ 






Feasible and econo- 




abstraction. 














flows. Yield in- 
cludes 8 m.g.d. 


10 




30 


General 


Portsmouth/ 


/ 






already authorised 


underground sources - 
boreholes. 




assessment of 
yield from 
the chalk 
outcrop 










Appendix 1. 








11 


Various proposed sites 
in the tertiary deposits 
mainly in the lower 
reaches of the valleys of 






Portsmouth/ 




/ 




River flows adequate 




records 


Southampton 








subject to Investi- 
gation on lands of 
various classifies- 




and Meon : pumped 














Hons. 




storage reservoirs. 
















(iti 


Regional schemes 
















(lv 


Barrages 


















None. 
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Appendix IV 



Aron and Dorset River Authority 



£ 

1 


Location, Source, 
Type of Scheme 


Probable 

Yield 

m.g.d. 


Basis of 
Yield 

Computation 


Distribution 

Area 


Approximate Cost 
del i vered to ser- 
vice reservoirs 
(pence per 
thousand gallons) 


Remarks 










under 


24 t 
36 


T 




(i) 

2 


Schemes specific to iirraedi 
Dewlish - chalk borehole. 

Mil borne - chalk - 
development of existing 


te local n 

2.0 

1.5 


eds 


Poole/East 

Dorset 

Roole/East 

Dorset 


/ 

/ 






*For co mparieon, the 
j cost delivered to 

plie, in thie area 
ia approximately 
IS pence per 
thoueand gallone. 

Local opposition to 
development. Even 
pumping tests may 
require ccmpulsory 
powers. 

Local opposition 
likely. 


3 


Camp Down, Folly Farm, 
Salisbury - chalk 
borehole. 


1.0 




Sal isbury 


/ 








5 


Bourton - Horton - 
greensands - borehole. 

south of urchfont and 
Chirton - greensands - 
borehole. 


0.25 

0.25 


Estimate of 
percolation 
and catch- 
ment area - 
combined 
with local 
knowledge 
of aquifer 


North Wiltshire 
North Wiltshire 


/ 

/ 






Possible objection 
i f i t derogates from 
existing Licences or 
Right. 


6 


Shapwi ck - chal k - well . 


3.0 




Poole/East 

Dorset 


/ 








7 


Codford - chalk - develop- 
ment of existing site. 


1.0 

(addi- 

tional) 




West Wiltshire 


/ 








8 


Wylye Valley - chalk - 
borehole. 


1.5 + 




West Wiltshire 


/ 






jn conjunction with 


9 


Deverill valley - chalk - 
borehole. 


2.0 




West Wiltshire 


/ 








10 


Berwi ck St. John - upper 
greensand - borehole. 


0.1 




West Wiltshire 


/ 








11 


West Stafford r.ear 
Dorchester - chalk - 
three boreholes 


4.0 


Past 

abstraction 


FOole/East 

Dorset 


/ 






Three existing bore- 
loles sunk by A.E.A.- 
not being used at 
present time. 


12 


East Holme near Wareharr. - 
R. Frcme - di reel 
abstraction. 


4.0 


River flow 
records 


k)ole/East 

Dorset 


/ 






13 


Upper Allen valley - 
chalk - boreholes. 


4.0 


Test pumping 


Bournemouth 


/ 






Licence application 
sutmitted to River 
Authority - 
January, 1966. 
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Ayoo and Dorset River Authority (contd.) 



i 


Location, Source, 
Type of Scheme 


Probable 

Yield 

m.g.d. 


Basis of 
Yield 

Computation 


Distribution 

Area 


Approximate Cost 
del 1 vered to ser- 
vice reservoirs 
(pence 1 per 
thousand gallons) 


Remarks 


a 








under 

24 


24 to 
36 






in) 


Major schemes for supply 

None. 


thin river 


authority area 












(Hi) 

14 


Regional schemes 
Salisbury plain - chalk - 
development of ground- 
water to regulate flow 
of R. Kennet. 


100 + 


Infiltration 
over the 
chalk 
outcrop 










Tills proposal has not 
been Investigated in 
detail. 


(lv) 


Barrages 

None. 

















K_EY TO LAND CLASSIFICATIONS 
1A First class arable land 
2A Good general purpose farm land (arable) 

2AG Good goner,! purpose farm land ( arable anJ gr , 5sland) 
3G First class grassland 
4G Good but heavy grassland 
5A Downland (arable) 

5G Downland (grassland) 

6AG Medium quality farm land (arable and grassland) 

7G Poor quality heavy land (grassland) 

9H Poor quality light land (heath) 
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